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Preface 


Documentation  of  techniques  for  increasing  the  speed  of 
MOS  circuits,  evaluation  of  a  specific  technique  and 
application  of  the  technique  to  existing  and  newly  designed 
CMOS/SOS  circuits  were  performed.  A  4x4  bit  RAM,  2x4 
decoder,  two  registers  and  read/write  control  logic  were 
designed  and  the  precharge  speed-up  technique  was  evaluated 
and  simulated  using  SPICE2,  to  determine  if  it  actually 
increased  the  operating  speed  of  circuits  to  which  it  was 
applied.  A  methodology  was  determined  for  applying 
precharging  to  existing  circuits  through  application  to  a 
previously  designed  portion  of  a  CMOS/SOS  ALU  and  to  the 
newly  designed  circuit  elements  mentioned  above.  Extensive 
SPICE2  simulation  indicated  that  precharging  does  increase 
circuit  operating  speed,  but  must  be  selectively  applied. 

I  offer  a  special  thanks  to  Major  W.  Sutton,  my  thesis 
advisor,  for  allowing  me  to  take  on  this  thesis  project  and 
for  his  overall  assistance  and  draft  reviews.  My 
appreciation  also  goes  to  2nd  Lt.  M.McConkey  for  his 
valuable  assistance  in  understanding  the  SPICE2  models. 
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Cxo  capacitance  per  unit  area  of  crossunder 
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Abstract 
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-'Methods  of  increasing  the  operating  speed  of  integrated 
circuits  were  investigated  and  a  reference  to  speed-up 
techniques  was  generated.  Precharging,  a  specific  method, 
was  applied  to  existing  and  newly  designed  CMOS/SOS  circuit 
elements  and  evaluated.  ^SPIC^was  used  for  transient  signal 
timing  analysis. 

Precharging  was  applied  to  a  test  circuit,  the  first 
bitslice  of  a  previously  designed  ALU  circuit  and  three 
newly  designed  chip  circuit  elements,  to  determine  its 
effect  on  the  operating  speed  of  each  circuit.  Precharge 
configurations  of  each  circuit  were  then  simulated  with 
SPICE. 

The  results  of  this  thesis  research  indicate  that 
precharging  can  be  applied  to  both  existing  and  newly 
designed  circuits,  that  it  significantly  reduces  low-to-high 
signal  transition  delays,  if  applied  correctly,  and,  in 
general,  it  has  a  detremental  effect  on  high-to-low  signal 
transitions,  and  increases  the  associated  delays.  In 
addition,  the  effectiveness  of  precharging  is  dependent  on 
the  amount  of  current  applied  to  the  precharged  nodes. 


Complementary  Metal  Oxide  Semiconductor  (CMOS) 
technology  is  characterized  by  low  power  consumption  and 
excellent  noise  immunity,  while  offering  high  integration 
density  and  rapid  circuit  switching  speeds  when  compared  to 
other  technologies.  CMOS  originated  due  to  requirements  for 
portable/low  power  systems  for  avionics  and  aerospace 
applications.  Although  CMOS  has  a  lower  switching  speed 
than  some  technologies,  specifically  NMOS  and  bipolar,  and 
thus  a  lower  maximum  frequency  of  operation,  its  advantages 
have  made  it  the  emerging  technology  for  both  military  and 
civilian  applications  for  Very  Large  Scale  Integration 
(VLSI)  . 

CMOS  circuit  performance  can  be  improved  as  smaller 
geometries  are  used.  Circuit  speed  will  be  improved  and 
power  dissipation  reduced.  However  two  basic  limitations 
exist;  optical  printing  capabilities,  since  the  wavelength 
of  light  provides  a  lower  bound  on  the  dimension  sizes  used, 
and  the  fabrication  processes  themselves  which  will  call  not 
only  for  reduced  lateral  dimensions,  but  for  oxide 
thicknesses  less  than  20  nanometers.  For  these  thinner 
oxides,  more  "pure"  manufacturing  elements  will  be  required 
to  maintain  a  minimum  acceptable  yield  during  the  fabric¬ 
ation  process. 

When  comparing  integrated  circuit  parameters,  layout 


density#  speed-power  product  and  gate  delay  are  the  primary 
characteristics  of  concern  to  the  circuit  designer.  A  small 
speed-power  product  can  result  in  low  power  dissipation  and 
rapid  circuit  operation  (associated  with  gate  delay)  and 
higher  circuit  densities  become  increasingly  important  as 
VLSI  applications  and  requirements  become  more  advanced. 


2.  Silicon-On-Sapphire  (SOS) 


SOS  technology  uses  sapphire  as  a  substrate  in  place  of 
silicon  in  the  basic  MOS  fabrication  process.  SOS  has 
increased  in  popularity  since  it  offers  the  highest  speed 
power  product  of  any  silicon  technology  and  can  compete  with 
any  other  silicon  technology  in  packing  density.  However, 
the  cost  of  the  sapphire  substrate  has  limited  its  use 
primarily  to  military  systems  where  its  additional  advantage 
of  low  susceptability  to  radiation  effects  is  of  critical 
importance.  Optimum  performance  is  obtained  when  SOS  is 
used  with  CMOS  devices,  where  power  consumption  is  minimal 
and  noise  immunity  is  excellent.  Speed  can  thus  be 
increased  since  the  parasitic  capacitance  that  exists  when  a 
silicon  substrate  is  used  doesn't  exist  when  sapphire  is 
used.  SOS  processing  requires  only  a  third  of  the  steps 
required  for  silicon  substrate  (bulk  CMOS)  and  is  less 
susceptible  to  mask  and  oxide  defects. 


3.  Factors  Influencing  Circuit  Operating  Speed 


are:  capacitance  and  resistance.  Capacitance  measures  the 
amount  of  charge  that  must  be  provided  to  a  unit  of  area 
before  the  voltage  changes  and  resistance  is  a  measure  of 
the  ease  with  which  current  can  be  supplied  to  this  given 
area.  The  values  of  the  resistance  and  capacitance  of 
certain  materials  and  circuits  is  dependent  on  both  the  size 
(length  and  width)  of  the  materials  used  for  a  specific 
application  and  on  the  process  that  is  used  for  fabrication 
of  the  circuit  or  chip.  To  increase  the  speed  of  the 
circuit,  the  resistance  or  capacitance  (or  both)  must  be 
reduced  to  minimize  the  resultant  RC  time  constant  delay. 
The  following  data  reviews  some  of  the  various  approaches 
used  to  affect  speed  changes  in  integrated  circuits. 

a.  Fabrication  Materials 

Lower  loading  capacitances  have  been  achieved 
using  insulators  such  as  sapphire  and  gallium  arsenide  in 
place  of  silicon  for  IC  substrates.  Use  of  sapphire  has 
resulted  in  higher  clock  frequency  operation  in  large  scale 
integrated  circuits  and  is  believed  to  be  based  on  the 
reduction  of  long  interconnect  capacitances  in  data  buses 
and  control  lines.  Medium  scale  integrated  circuits  using 
gallium  arsenide  substrates  have  shown  to  have  overall 
higher  switching  speeds.  Yuan  et  al  [1],  provided  test 
results  upon  comparison  of  silicon  to  both  sapphire  and 
gallium  arsenide  substrates.  Their  studies  indicated  that 
for  line  widths  greater  than  2.5  microns,  substantial 
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capacitance  reduction  could  be  achieved  by  use  of  sapphire 
and  gallium  arsenide  substrates.  Propagation  over  inter¬ 
connect  lines  with  greater  than  2.5  micron  widths  have  shown 
these  positive  results  but  little  data  is  available  on  line 
widths  below  this  2.5  level. 

b.  Fabrication  and  Processing 

Dennard  et  al  [2],  have  accumulated  data  on  the 
optimization  of  silicon  gate  MOSFETs  for  high  performance 
logic  applications  for  both  room  temperature  and  liquid 
nitrogen  temperature  operating  environments.  The  principal 
factor  affecting  their  success  has  been  the  optimization  of 
ion-implant  techniques  that  have  been  able  to  achieve 
lightly  doped  substrates,  resulting  in  shallower  junctions 
for  minimizing  lateral  diffusion  under  the  edge  of  the  gate 
and  the  field  oxide.  Strict  control  of  doping  has  permitted 
fine  adjustment  of  device  and  field  region  thresholds. 

New  developments  in  lithographic  and  etching  techniques 
have  resulted  in  reduced  feature  size.  An  expected  increase 
in  speed  is  associated  with  any  reduction  in  feature  size, 
however  this  has  been  found  to  hold  true  for  only  small  (low 
density)  circuits.  As  the  size  of  a  circuit  increases  due 
to  its  complexity,  the  density  of  the  chip  per  given  unit 
area  increases.  Since  feature  size  reduction  results  in 


less  cross  sectional  area  for  line  widths,  hence  reduced 
drive  current  capability,  the  effect  of  reducing  the  feature 
size  with  an  increase  in  the  density  of  the  chip,  is 


expected  to  increase  time  delays.  Device  performance  is  no 
longer  expected  to  be  the  primary  source  of  delay  since  the 
individual  transistors  are  expected  to  switch  more  quickly, 
however  interconnection  delays  are  expected  to  dominate  the 
delay  times.  The  distances  that  a  signal  will  need  to 
travel  will  be  greatly  increased  relative  to  the  feature 
sizes  of  the  circuits  themselves. 

c.  Circuit  Design  and  Layout 

Prom  the  previous  information,  it  appears  that 
improvements  in  the  manufacturing  processes  are  going  to 
continue  to  have  a  significant  effect  on  the  performance 
of  integrated  circuits.  However,  circuit  design  methods  can 
be  a  more  flexible  approach  to  increase  the  speed  of 
circuits.  The  circuit  designer  can  modify  an  existing 
design  or  incorporate  specfic  techniques  into  an  original 
design  as  part  of  a  routine  design  procedure,  to  attempt  to 
overcome  or  at  least  reduce  the  RC  time  delay  within  the 
circuit. 

"Bootstrapping",  "charge  pumping"  and  "precharging"  are 
terms  used  among  circuit  designers  and  rarely  refered  to 
within  available  design  literature,  to  refer  to  circuit 
modifications  and  "hybrid"  type  circuits  used  to  increase  a 
circuit's  operating  speed.  The  distinct  lack  of  data 
concerning  these  topics  in  technical  publications  and  other 
literature  implies  a  reluctance  by  circuit  designers  to 
disclose  their  personal  "tricks"  of  the  trade  due  to  profes- 
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sional  (competitive)  as  well  as  other  reasons. 

In  some  cases,  however,  even  though  a  particular  method 
may  be  frequently  used  and  refered  to  by  both  individuals 
and  literature,  no  quantitative  performance  data  in  support 
of  this  particular  speed-up  approach  is  presented  or  is 
otherwise  made  available.  As  a  result,  the  reader  is  left 
with  only  the  author's  interpretation  of  the  success  of  the 
method  and  must  speculate  on  its  applicability  to  other 
circuits . 

B.  Problem  Statement 

The  purpose  of  this  thesis  is  to  investigate  and 
collect  data  on  various  techniques  developed  and  implemented 
to  increase  the  operating  speed  of  electronic  circuits,  and 
to  select  a  specific  technique  and  demonstrate  its 
applicability  to  CMOS  technology  for  VLSI  applications  by 
determining  the  extent  to  which  the  circuit  speed  is 
actually  affected  by  the  speed-up  technique. 

At  this  time,  the  only  CMOS  research  performed  at  AFIT 
was  performed  by  Capt.  W.  Sommars,  GE-83D,  in  his  thesis  13] 
which  developed  a  CMOS/SOS  cell  library.  Since  AFIT 
interest  is  primarily  in  SOS  technology,  this  thesis  will 
involve  only  CMOS/SOS  and  will  make  use  of  the  existing  SOS 
library. 

Since  time  will  not  permit  fabrication  of  the  actual 
chip  and  subsequent  testing,  a  simulation  will  be  performed 
to  determine  the  performance  of  the  circuitry.  However,  the 


data  package  required  for  fabrication  will  be  completed  and 
sent  to  MOSIS.  Additional  thesis  work  can  then  be  generated 
to  test  the  chip. 


This  thesis  is  intended  to  provide  the  VLSI  circuit 
designer  with  a  consolidated  source  of  information  on  the 
analysis  of  circuit  signal  delays  and  a  reference  to 
specific  methods  that  may  be  used  to  increase  the  operating 
speed  of  ciruits  under  design.  Much  of  the  available 
literature  refers  to  and  uses  specific  speed-up  techniques, 
but  the  impact  of  the  technique  on  the  circuit's  performance 
is  often  assumed  rather  than  specifically  evaluated.  This 
project  will  also  provide  an  evaluation  of  a  specific 
technique  to  prove  or  disprove  its  inherent  worth  for 
application. 

A  secondary  objective  of  this  thesis  is  to  actively  use 
the  CMOS/SOS  library  previously  designed  by  Sommars  [3]  and 
extend  the  AFIT  knowledge  base  in  the  CMOS/SOS  area. 

C.  Assumptions 

The  following  asssumptions  were  made  to  limit  the  scope 
of  this  project: 

1.  The  reader  has  an  extensive  understanding  of  the 
VLSI  CAD  tools  at  AFIT 

2.  The  reader  has  a  basic  understanding  of  circuit 
theory  and  transient  signal  analysis 

3.  The  reader  is  familiar  with  Metal  Oxide 


Semiconductor  devices 


D.  Approach 

The  following  approach  was  used  for  this  thesis: 


1.  Evaluate  transient  switching  as  it  pertains  to 
bipolar,  MOS  and  CMOS  circuits. 

2.  Evaluate  the  existing  CMOS/SOS  library  and 
become  familiar  with  SPICE2,  a  circuit  simulator 

3.  Perform  a  literature  search  for  "speed-up" 
circuits  and  techniques 

4.  Apply  precharging  to  the  first  bitslice  of 
Sommars'  CMOS/SOS  ALU 

5.  Run  a  SPICE  simulation  on  the  modified 
bitslice  and  the  original  ALU  bitslice  and  compare  the 
timing  results 

6.  Design  a  Memory/ALU  Bitslice  circuit  modified 
ALU  and  apply  precharging  to  it  where  possible 

7.  Design  additional  library  cells  as  required 
to  support  the  Memory/ALU  Bitslice  circuit  design 

8.  Run  a  SPICE  simulation  on  the  Memory/ALU 
Bitslice  circuit  with  and  without  precharging  applied  and 
compare  results 

9.  Design  chip  layout 


E.  Sequence  of  Presentation 


;#] 


Chapter  III  continues  with  a  review  of  transient  timing 
analysis  for  bipolar,  MOS  and  CMOS  circuits.  A  review  of 
bipolar  transistor  timing  is  included  to  facilitate  the 
timing  review,  since  most  practicing  engineers  are  more 
familiar  with  timing  analysis  as  it  applies  to  the  bipolar 
transistor  than  to  the  MOS  transistor.  Chapter  IV  provides 
data  on  speed-up  techniques  and  circuits  that  can  be  applied 
during  the  design  process  and  presents  the  criteria  for 
selection  of  precharging  as  the  technique  evaluated  during 
this  thesis.  Chapter  V  presents  the  system  designs  for  the 
modified  CMOS/SOS  ALU  Bitslice  and  for  a  Memory/ALU 
Bitslice  circuit  that  demonstrates  an  application  of  the 
modified  ALU  bitslice  and  the  use  of  precharging  in  a  larger 
circuit.  Chapter  VI  presents  the  detailed  design  of  the 
circuits  described  in  Chapter  V.  Chapter  VII  presents  a 
comparison  of  the  results  of  a  SPICE2  circuit  simulation  on 
a  test  circuit,  and  the  modified  and  unmodified  ALU  bitslice 
circuits.  Chapter  VIII  provides  this  authors  conclusions 
and  recommendations  for  future  projects. 


II.  CMOS  Review 


The  following  sections  provide  a  review  of  basic  CMOS 


circuits . 


A.  The  basic  CMOS  element  is  a  series  combin¬ 


ation  of  an  N-type  and  a  P-type  metal  oxide  semiconductor 
transistor  as  shown  below  in  Figure  II-l. 


Figure  n-l.  CMOS  inverter. 

This  circuit  performs  a  logical  inversion  function.  A  metal 
oxide  semiconductor  transistor  is  a  device  in  which  the 
current  in  a  channel  between  two  electrodes,  referred  to  as 
the  source  and  drain  respectively,  is  modulated  by  the 
voltage  applied  to  a  third  electrode,  referred  to  as  the 
gate,  which  is  physically  separated  from  the  source  and 
drain  by  an  insulating  material.  In  the  N-type  transistor, 
the  majority  carriers  are  electrons  so  that  positive 
voltage  on  the  gate  will  increase  the  conductivity  of  the 
channel.  For  gate  voltages  less  than  an  established  minimum 
positive  threshold  voltage,  the  channel  is  cut-off  and  no 
appreciable  drain  current  flows.  The  operation  of  the  P- 


type  transistor  is  similar  to  the  N-type  however,  the 
majority  carriers  are  holes  and  the  operating  voltages  of 
the  P-type  device  are  negative.  The  threshold  voltages  for 
either  type  transistor  can  be  controlled  by  the  impurity 
doping  level  of  the  channel  during  fabrication  and  is 
therefore  a  design  parameter  of  the  transistor  itself. 

The  basic  operation  of  the  circuit  of  Figure  II-l  is  as 
follows:  if  V^n  is  at  0  volts,  the  P-type  transistor  is 
biased  on  by  a  negative  gate-to-drain  voltage  and  the  N-type 
transistor  is  cut-off  by  a  zero  gate-to-drain  voltage.  The 
output  of  the  inverter  then  approaches  (the  supply 
voltage),  since  the  N-type  transistor  causes  an  "open 
circuit"  to  exist  between  the  output  and  ground  when  it  is 
cut-off.  If  the  input  voltage  is  increased,  the  current  in 
the  N-type  transistor  rises  and  the  current  in  the  P-type 
transistor  falls.  The  input  voltage  at  which  the  two 
transistors  are  in  the  constant  current  region  at  the  same 
time  marks  the  active  operating  region  of  the  inverter 
circuit.  As  the  input  voltage  increases  beyond  this  point, 
the  output  voltage  falls  to  zero.  Therefore  for  an  input 
voltage  at  or  near  the  value  of  the  supply  voltage,  the  N- 
type  transistor  will  be  turned  on,  bringing  the  output  of 
the  inverter  to  ground  potential  and  the  P-type  transistor 
will  be  cut-off. 

For  either  output  state,  the  total  current  flow  results 
from  the  equivalent  of  a  cut-off  transistor  since  either  the 
N-type  or  the  P-type  transistor  will  be  in  cut-off 
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permitting  near  zero  current  flow.  This  is  the  principal 
advantage  of  using  CMOS  technology,  since  low  current  flow 
results  in  low  power  dissipation.  Current  flows  in  the  CMOS 
circuit  only  during  high  to  low  or  low  to  high  transitions 
as  the  circuit  passes  through  the  active  operating  region  of 
the  transistors. 

In  order  for  one  or  the  other  of  these  transistors  to 
be  turned  off  when  the  input  is  either  high  or  zero,  the 
threshold  voltages  for  the  N-type  and  P-type  transistors 
must  be  positive  and  negative  respectively  so  both 
transistors  must  be  enhancement  mode  types  for  correct 
circuit  operation.  A  transfer  characteristic  for  the  basic 
CMOS  inverter  is  provided  in  Figure  I 1-2.  Where  VT 

P 

and  vT  are  the  respective  threshold  voltages  of  the  p- 
N 

type  and  n-type  materials. 


Figure  II-2.  Transfer  characteristic  for 
CMOS  transistor  inverter  [4] 


The  single  CMOS  inverter  may  be  extended  to  provide 
NAND  and  NOR  applications  as  illustrated  in  Figure  I 1-3  and 


In  the  NAND  configuration,  when  all  inputs  are  high,  all  N- 
type  transistors  in  series  are  in  a  conducting  mode  while 
all  P-type  transistors  are  in  cut-off.  The  line  to  ground 
is  closed  and  the  output  is  low.  In  the  NOR  configuration. 


if  any  one  of  the  inputs  is  high,  the  output  will  be  shorted 
to  ground. 


B.  Four  characteristics  must  be  considered  if  a 
specific  transistor  technology  is  to  be  used  for  design: 

1.  Speed  of  operation 

2.  Power  dissipation/consumption 

3.  Ease  of  designability 

4.  Ease  of  integration 

CMOS  dissipates  very  little  power  as  already  stated,  but  is 
not  the  fastest  transistor  technology.  However,  measures 
can  be  taken  to  speed  up  its  operation.  This  is  the  primary 
effort  of  this  thesis. 

Ease  of  designability  and  integration  then  become 
primary  driving  factors  in  the  choice  of  a  specific 
technology.  Conflicting  opinions  exist  over  the  integration 
capability  of  CMOS  circuits  since  proponents  of  other  tech¬ 
nologies  contend  that  twice  as  much  area  is  required  for 
CMOS  applications  since  both  a  p-type  and  N-type  transistor 
is  required  to  implement  even  the  most  simple  inversion 
function,  as  compared  to  NMOS  technology  for  instance,  where 
a  smaller  transistor/ load  transistor  pair  can  be  used  for 
the  same  function.  However,  Krambeck  et  al  [5]  have 
developed  a  new  approach  in  CMOS  requiring  the  use  of  only  a 
single  P-type  device  with  mulitple  N-type  devices  in  their 
domino  logic  cirucit.  This  approach  has  considerably  reduced 
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the  requirement  for  chip  area  and  threatens  the  design 
community's  universal  acceptance  of  the  factor  of  two 
increase  in  chip  real  estate  when  using  CMOS  technology. 
From  the  data  available/  CMOS  is  on  an  equal  ranking  with 
other  technologies  as  far  as  ease  and  flexibility  of  design 
are  concerned.  CMOS  offers  standard  cells  for  design  that 
leave  the  problem  of  compactness  and  density  of  design  as  a 
function  of  the  state-of-art  as  in  the  case  of  Very  Large 
Scale  Integration  (VLSI)  applications,  and  as  a  function  of 
If  CMOS  is  selected  as  a  transistor  technology  to  be  used 
for  design,  two  basic  types  exist,  CMOS  bulk  and  CMOS 
Silicon-On-Sapphire  (SOS).  Table  1-1  provides  comparison 
data  on  the  advantages  and  disadvantges  of  bulk  versus  SOS 
[1]. 


TABLE  1-1 

CMOS/SOS  versus  CMOS  Bulk 


Advantages  of  CMOS/ SOS 


Lower  parasitic  junction 
capacitance 

Lower  power  dissipation 
Lower  propagation  delay 
Higher  packing  density 
Higher  packing  density 
Higher  punch  through 
voltage 

Reduced  junction  shorts 
Radiation  hardened 
Reduced  "soft"  errors 
Reduced  Latch-up 
Good  scaling 
Tolerant  to  Parameter 
variations 

Simplicity  of  design 
Mixed  technologies 


Disadvantages  of  CMOS/SOS 


Parasitic  edge  leakage 

Back  channel  leakage 
Floating  substrate 

-  ChargeStorageef f ect 

Reduced  mobility  - 

N  channel 

Sapphire  variability 
Thermal  conductivity 
Wafer  Breakage  - 

Thermal  shock 
Commercial  viability 


CMOS/SOS  is  characterized  by  better  ease  of  design,  better 
control  of  threshold  and  punchthrough  voltages,  radiation 
hardness  and  according  to  the  available  data  has  a  factor  of 
two  better  power  dissipation  and  propagation  delay  than  its 
bulk  counterpart.  The  fabrication  process  however  causes 
many  of  the  problems  associated  with  CMOS/SOS.  SOS  is 
subject  to  variable  starting  material  characteristics  and 
planar  substrates  during  processing,  floating  substrate 
charging  effects  and  "back-channel"  leakage  [1]. 

There  is  cause  for  concern  among  proponents  of  SOS 
technology  when  CMOS  is  considered  for  VLSI  application. 
Present  predictions  and  preliminary  test  results  indicate 
that  as  feature  sizes  decrease  below  the  present  state-of- 
the-art  (2  micron)  that  loading  capacitances  are  expected  to 
increase  in  SOS  to  the  point  where  bulk  and  SOS  become 
comparable  in  performance.  Figure  II-5  provides 
preliminary  data  on  loading  capacitance  as  a  function  of 
feature  size  for  both  SOS  and  bulk  [1]. 
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Figure  II-5.  Loading  capacitance  vs.  feature  size  [1] . 


The  applications  of  CMOS  in  VLSI  design  is  an  emerging 
field,  however  whether  SOS  or  bulk  technology  is  the  most 
advantageous  appears  to  be  a  matter  of  preference  at  this 
point  in  time  since  present  efforts  by  industry  seem  to  be 
making  bulk  and  SOS  technologies  more  comparable  and  the 
field  is  a  competitive  one. 


III.  Circuit  Delay  and  Timing  Analysis 


The  following  sections  provide  a  review  of  timing 
analysis  with  respect  to  bipolar,  MOS  and  CMOS  circuits. 

For  the  reader  who  is  not  familiar  with  timing 
analysis  for  basic  circuits,  this  chapter  begins  with  a 
review  of  bipolar  transistor  timing  (the  most  easily  under¬ 
stood  analysis)  and  concludes  by  expanding  the  basic  bipolar 
concepts  to  MOS  and  CMOS  devices  switching  theory  and 
reviews  circuit  propagation  delay. 

There  are  two  types  of  delays  that  must  be  evaluated 
for  signals  in  circuits,  switching  delays  that  are  charac¬ 
teristic  of  individual  transistors,  and  propagation  delays 
associated  with  the  transfer  of  a  signal  over  an  intercon¬ 
nection  line. 

The  section  on  NMOS  circuits  is  intended  to  introduce 
the  reader  to  the  switching  delays  associated  with  MOS 
devices.  A  more  detailed  review  is  provided  in  the  section 
on  CMOS  devices. 

1.  Bipolar  Transistor 

The  transistor  can  be  used  to  closely 
approximate  a  switch.  A  simple  bipolar  transistor  is  used 
here  for  the  purpose  of  simplifying  the  analysis  and  is 
illustrated  in  Figure  III-l. 


Figure  III-1.  Bipolar  transistor  [6], 

Figure  III-2  represents  the  two  ideal  cases  of  transistor 
operation,  as  an  ideal  open  switch  and  as  an  ideal  closed 
switch. 
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Figure  III-2.  a.  Bipolar  transistor  as  an  open  switch 

b.  Bipolar  transistor  as  a  closed  switch  [6]. 

In  Figure  III-2a,  when  the  transistor  acts  as  an  open 
switch,  no  current  flows.  When  the  transistor  acts  as  a 
closed  switch, shown  in  Figure  III-2b,  a  high  value  of 
current  flows  through  the  transistor  to  ground.  In  Figure 
III-l,  when  the  voltage  on  the  base  of  the  transistor  is 
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zero,  the  transistor  is  cut-off  and  no  current  flows, 
similar  to  the  ideal  open  switch  case  described  above,  and 
the  output  voltage  approaches  the  supply  voltage,  Vcc.  If  a 
large  enough  voltage  supplies  enough  current  to  the  base  to 
drive  the  transistor  into  saturation,  then  the  transistor 
turns  on  and  approximates  the  case  of  the  ideal  closed 
switch.  Current  flows  from  collector  to  emitter  and  the 
output  voltage  drops  to  an  effective  ground  level.  During 
the  time  that  the  transistor  switches  from  cut-off  to  satur¬ 
ation,  the  transistor  passes  through  its  linear  operating 
range.  If  high  speed  switching  is  to  take  place,  reactive 
effects  of  the  transistor  in  this  region  must  be  taken  into 
consideration.  Three  transistor  equivalent  circuits  are 
used  when  evaluating  the  switching  characteristics  of  the 
transistor  switch: 

a.  Open  switch  in  the  cut-off  region. 

b.  An  active  region  model  as  illustrated  in 
Figure  III-3. 

c.  A  closed  switch  in  the  saturation  region 

The  open  and  closed  switch  models  have  already  been  refered  to 
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Figure  III-3.  Active  region  transistor  model  [6]. 


There  are  three  factors  that  affect  the  transition  switching 
times  (from  high  to  low  or  from  low  to  high)  of  a  transistor: 

1.  Depletion  region  capacitances  causing  a 
delay  time 

2.  Diffusion  capacitances  and  the  Miller 
effect  capacitances  causing  rise  and  fall 
times  to  exist 

3.  A  storage  time  constant  during  which 

time  excess  base  charge  is  removed  before 
the  transistor  is  permitted  to  drop  from 
its  saturation  region  into  its  active 
operating  region 

The  response  of  a  common-emitter  bipolar  switch  to 
a  rectangular  pulse  is  shown  in  Figure  I I 1-4. 


Figure  III-4.  Input  waveform  and  response  [6]. 
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The  waveform  is  composed  of  a  delay  time,  a  rise  time,  an  on 
time,  a  storage  time,  and  a  fall  time.  The  delay  time  is 
defined  as  the  amount  of  time  required  for  the  waveform  to 
rise  to  10%  of  its  peak  value  after  the  input  changes.  The 
rise  time  is  the  time  taken  for  the  waveform  signal  to 
rise  from  10%  to  90%  of  its  final  value.  The  turn-on  time 
is  the  sum  of  the  delay  time  and  rise  time.  The  storage 
time  is  defined  as  the  sum  of  the  saturation  storage  time 
and  the  amount  of  time  required  for  the  waveform  to  drop  to 
90%  of  its  peak  value  after  the  input  changes.  The  fall¬ 
time  is  the  time  required  for  the  waveform  to  drop  from  90% 
to  10%  of  its  peak  achieved  value.  The  turn-off  time  is  the 
sum  of  the  storage  time  and  the  fall  time. 

If  the  input  to  the  base  of  the  transistor  is  less  than 
the  required  minimum  turn-on  voltage  of  the  transistor,  then 
the  circuit  will  be  cut-off  since  no  current  will  flow.  If 
the  base  terminal  is  driven  with  a  negative  voltage, 
Voff,  for  a  specified  period  of  time,  then  it  will  charge 
the  base-emitter  and  base-collector  depletion  region 
capacitances  Cbe  and  Cbc  respectively.  If  the  input 
voltage  is  then  changed  to  a  positive  value,  the  voltage  of 
the  base  will  not  be  able  to  change  immediately  and  will 
approach  the  turn-on  voltage  of  the  transistor  at  a  rate 
controlled  by  the  capacitance  values  Cfce,  Cbc  and  the  base 
resistance  R^.  The  transistor  will  not  turn  on  until  the 
minimum  turn-on  voltage  has  been  achieved  on  the  base.  The 
time  lapse  between  the  application  of  the  positive  input  to 


the  base  and  the  time  when  the  transistor  actually  turns  on 
is  the  passive  delay  time.  As  the  base  voltage  changes,  the 
voltage  across  the  depletion-region  capacitances  changes  in 
a  non-linear  manner.  For  high  frequency  transistors  the 
depletion  region  capacitance  is  defined  as  the  average 
value  of  capacitance  determined  from  the  total  change  in 
charge  on  the  capacitance  as  the  voltage  varies  from  one 
value  to  another,  divided  by  the  total  voltage  change, 
and  is  approximated  by  the  equation  [6]: 


1.5k  2/3  2/3 

c  - -  t  «t>  -  V')  -  «b  -  V)  ]  [1] 


(V'-V) 


i  »• 

I 


where  <|)  is  the  barrier  voltage,  k  is  a  constant,  and  V  and 
V’  are  two  different  values  of  voltage.  The  time  constant 
of  the  circuit  is: 


7"d  *  (Cbe  +  CBC)RB  [2] 

If  the  initial  voltage  on  the  base  is  -V0ff  and  must 
increase  to  Von  for  the  transistor  to  turn  on,  then  the  time 
required  to  reach  Von  can  be  determined  from  a  general 
charging  equation: 

t/r 

v(t)  =  Vi  +  (vt  -  v^) (1  -  e  )  [31 


where  v^  is  the  initial  voltage  and  v^  is  the  target 
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voltage. 

The  passive  delay  time  can  then  be  solved  for: 

-td/  Td 

V  =  “VoFF  +  <V0N  +  vOFF^  “  e  ) 

where  V0N  and  -Vqff  are  the  transistor  maximum  and 
minimum  input  voltages  respectively  as  seen  by  the  base  then 
the  passive  delay  is: 

(V0N  +  V0FF) 

t'd  =  Tdln[ -  ]  [5] 

(V0N  "  vBE(ON)) 

To  determine  the  rise  time  of  the  switch,  the  analysis 
must  include  the  transition  of  the  waveform  through  the 
active  region  of  operation.  To  accurately  perform  this 
analysis  the  D  factor  of  the  transistor  must  be  used.  The  D 
factor  is  given  by  the  equation: 

D  *  (1  +CJtRccBC)  [6] 

and  is  a  standard  form  for  aiding  in  representing  the  total 
capacitance  from  base  to  emitter  when  a  load  resistance  is 
applied  to  a  high  frequency  transistor  circuit  and  is 
related  to  the  Miller  effect  capacitance.  For  more  detailed 
information  the  reader  is  referred  to  Modern  Electronic 
Circuit  Design,  by  Comer  [6]. 


The  minimum  base  current  required  to  saturate  the  tran¬ 


sistor  is: 


vcc 

1  *  'fa:  [7! 

where  A  is  the  large  signal  current  gain  of  the 
transistor.  If  the  transistor  enters  the  active  region,  the 
collector  current  will  achieve  its  final  value  exponentially 
with  a  time  constant  based  on  the  D  factor  of: 


T  = 


[8] 


where  is  the  corner  frequency  of  the  transistor 
frequency  response  and  is  defined  as: 


1 


rbccD 


(beta  cut-off  frequency)  [9] 


where  CD  is  the  diffusion  capacitance  which  will  vary 
with  the  emitter  current  and  rbc  is  the  base  to  collector 
resistance. 

Turn-off  time  analysis  must  consider  two  cases.  The 
first  case  is  for  the  fall-time  associated  with  a 
nonsaturated  switch  when  the  base  current  is  greater  than  or 
equal  to  zero  and  the  second  case  is  for  a  base  current  less 
than  zero. 
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If  the  base  current  is  lowered  the  collector  current 
reacts  to  this  decrease  with  its  own  exponential  decrease 
with  a  time  constant  equal  to: 


D 

t  - -  [10] 

OFF 

as  given  earlier  for  turn-on  delay  analysis  review. 

If  the  input  voltage  changes  to  a  negative  value,  the 
base-emitter  junction  will  become  reverse  biased.  However, 
the  base  voltage  will  not  change  instantaneously  and  a 
negative  base  current  exists.  The  negative  current  will  be 
present  until  the  capacitance  is  totally  discharged, 
corresponding  to  the  point  in  time  when  the  collector 
current  reaches  zero.  The  negative  base  current  removes 
charge  much  faster  and  the  collector  current  will  reach  a 
zero  value  much  faster  than  in  the  previous  case.  The  time 
required  for  the  collector  current  to  reach  zero  is  the 
turn-off  time  of  the  transistor.  The  collector  current  can 
be  represented  by  the  equation: 

n  -tUp/D 

Ic  =  IC2  +  W-'o  IB3  ”  JC2^  ^  ”  e  ) 


and  the  turn-off  time  can  be  determined  by  setting  Ic  to 
zero  and  solving  for  t: 


base  current  is  the  storage  delay  time  and  is  based  on  the 
gradient  of  minority  carriers  in  the  base  region.  The 
storage  delay  is  determined  by  the  equation: 


{IB2  “  IB3) 


=  T  sln- 


(sat) ”  ZB3 


where  Ts  is  the  recombination  time  associated 
with  excess  charge  stored  on  the  base. 

Many  of  these  delays  can  be  controlled  by  the  fabric¬ 
ation  process,  through  manipulation  of  the  operating  para¬ 
meters  of  the  transistor. 
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2.  MOS  Transistor  Timin' 

Consider  the  NMOS  transistor  circuit  shown  in  Figure 

III-5. 


ov 


Figure  III-5.  NMOS  transistor  with  depletion  load  [7]. 

The  time  to  discharge  the  load  capacitance  Cl  from  a 
high  output  state  to  a  low  state  is  smaller  than  the  time 
required  to  charge  the  capacitance  Cl  through  the  depletion 
transistor  resistance  of  TL  due  to  the  low  resistance  of  the 
pull-down  device  Tb  when  it  is  in  the  on  state.  The  time  to 
charge  the  load  capacitance  is  longer  than  the  time  to 
discharge  since  the  charging  takes  place  via  the  high  resis¬ 
tance  pull-up  transistor  TL. 

The  tQf£  and  ton  times  can  be  approximated  by  using 
the  equation: 


dV 


out 


cl  =  Cl  —  =  Ids  ( +  or  ~>  [14] 
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Time  constants  are  defined  for  each  of  the  delay  times. 


CL 


Td  is  proportional  to  - 


and 


T r  is  proportional  to 


i 


i  i  i 


Where  Tl  is  the  time  required  to  charge  the  load 
capacitance  CL  and  Tq  is  the  time  required  to  discharge  the 
same  load  capacitance  where  Pd  and  Pl  are  the  respective 
gains  of  the  pull-down  and  pull-up  devices.  The  time 
constant  for  the  pull-down  will  be  much  less  than  the  pull- 
up  since  Pd  is  much  greater  than  Pit* 

The  gain  factor  (either  l  or  D  )  is  given  by: 


w 

nci 


[15] 


where  is  the  insulator  capacitance, is  the 
electron  mobility  (fj.  n  for  n-channel  devices)  and  the  hole 
mobility  p  for  p-channel  devices)  and  W  and  L  are  the 
dimensions  of  the  transistor.  The  greater  mobility  of 
electrons  than  holes  in  silicon  is  one  reason  for  the  higher 
gain  obtained  for  n-channel  devices.  The  effective  mobility 
can  also  be  affected  by  temperature,  electric  field  strength 
and  the  fabrication  process  used.  However,  the  major 
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contributor  to  the  gain  of  a  transistor  is  the  proper  design 
of  the  "aspect  ratio",  W/L,  where  the  gains  of  the 
transistors  can  be  individually  determined. 

In  Figure  I I 1-6,  the  input  and  switching  waveforms  for 
the  NMOS  circuit  are  shown.  As  indicated  an  increase  in 
the  gain  of  the  load  device  would  correspondingly  reduce  the 
charging  time  but  would  use  more  power  since  power 
dissipated  by  the  transistor  is  proportional  to  the  gain 
factor  P . 

l  - : - 

input  voltage 


0 - 1 


Figure  III-6.  Turn-on  and  turn-off  waveforms  [7]. 

The  transient  waveforms  are  similar  to  the 
bipolar  waveforms  previously  presented,  however  the  primary 
difference  is  the  lack  of  storage  time  delay  in  the  MOS 
transistor.  In  operation  a  current  path  is  established  from 
source  to  drain  and  a  voltage  applied  to  the  gate  controls 
the  source-to-drain  current  similar  to  the  operation  of  a 
valve.  A  positive  voltage  applied  to  the  gate  with  respect 
to  the  source,  will  tend  to  attract  free  electrons  from  the 
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substrate  into  a  layer  or  channel  adjacent  to  the  oxide. 
This  effect  is  large  enough  to  cause  the  channel  to  have  an 
excess  of  electrons.  The  drain-to-source  voltage  will  then 
cause  a  considerable  current  to  flow.  The  gate  charac¬ 
teristics  differ  with  the  bipolar  base  characteristics  and 
result  in  zero  storage  time  for  a  transient  signal.  The 
other  delays  associated  with  the  MOS  transistor  are  common 
to  the  bipolar  transistor.  In  the  next  section  Comp¬ 
lementary  MOS  (CMOS)  circuits  will  be  evaluated  for  their 
switching  characteristics.  This  is  an  abbreviated,  quali¬ 
tative  analysis  of  NMOS  switching.  A  more  extensive 
analysis  is  provided  in  the  following  section  concerning 
both  NMOS  and  PMOS  devices  since  both  are  used  in  the  comp¬ 
lementary  structure  of  CMOS. 

3.  CMOS  Timing  Analysis 

The  drain-current  characteristic  of  an  N-type 
transistor  is  a  function  of  the  drain  and  gate  voltages: 


2 

Ids  =  (VgS  -  Vthreshold  )  "  vds  ^ 

N  N  *  N  N  N 


for  Vds  <  VgS  -  ^threshold 
N  ’  N  N 


2 

!ds=  KNtvgs  "  vthreshold  1 
N  N  N 


for  vds  2  vgs  “  vthreshold 
N  *  N  N 


[16] 


[17] 
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id  =  0  for  VgS  <  "threshold 
N  N  N 

where  KN  is  a  constant  defined  by: 

Kjj  =Mn  ^ox^/  (2LTqx^  [19] 

where  (A N  =  electron  mobility 

£ox  =  permitivity  of  the  oxide  layer 

W  =  channel  width 

L  =  channel  length 

TQX  =  thickness  of  the  insulating  oxide 

The  effective  capacitance  at  the  gate  of  the  transistor  is: 

^ox  [I*]  (W) 

ceff=  -  [20] 

Tox 

Similar  equations  for  a  P-type  device  can  be  derived. 

For  the  inverter  shown  in  Figure  II-l,  the  current  in 
the  P-type  transistor  is  determined  by: 


Ip  -  Kp[2(Vdd  -  Vout) (Vdd-  Vin 


”  ^threshold  |)  “  [^dd  "  ^out^  ^  [21] 

P 


€ 


for  Vout>  Vin+  |Vthreshold. 
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[22] 


2 

Ip  =  Kp[Vdd  -  Vin-  |Vthreshold 

P 

for  V0ut  <.  Vin  +  |Vthreshold  I 

P 


and 


Ip=  0  for  Vin+  |Vthreshold  I  2  vdd  [23] 

P 

The  switching  response  time  of  the  CMOS  logic  circuit  is 
determined  by  the  amount  of  current  that  can  be  provided  by 
the  transistors  to  charge  the  load  capacitance  of  the 
circuit  at  the  input  and  the  output. 

If  a  step  input  signal  is  applied  to  the  circuit,  the 
output  voltage  can  be  used  to  solve  for  an  approximate  value 
of  switching  speed: 


!p=  In  ♦  Ic 


[24] 


dVout 

IC=  cout  -  =  Ip  -  In  [25] 


and  solving  for  t: 


t 


dVout 


'out 


C0ut 


f 


dVout 


[26] 


A  minimum  value  of  t  is  achieved  if  the  current  charging  the 
capacitance,  Ic  /  is  ro^de  as  large  as  possible. 

Based  on  the  inverter  circuit,  if  V^n  is  a  positive 
voltage  equal  to  Vdd  ,  then: 


since  the  P-type  transistor  will  be  an  "open"  and  will  not 
effect  the  circuit.  The  NMOS  device  will  be  driven  into 
saturation  and  IN  can  be  represented  by: 


In  =  KN<vin  “  v threshold  J 

N 


dvout 

c°ut "Tt~ 


■KN(Vin  “  vthreshold  J 

N 


since  Vqs=  Vin=  Vdd 


CQut - -  “kN  (vdd“  vthreshold  J 

dt  N 


2  2 
”KNvdd  U  “ 
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threshold  VT 
N  N 

where  = -  - -  (refer  to  Figure  1 1-2 ) 

Vdd  Vdd 


solving  for  Vout(t)  gives: 


KwVdd^1  " 

vout(t)  =  Vdd  [  1 - t] 

CQut 


The  fall  time  can  then  be  calculated  as  [4] : 


-1  0.1 

^  tanh  (1 -  ) 

“  0*1  1  “ 


Tp  =  [ 


(1  -  ^N) 


(1  >  tfN) 


out  A* N  CIN 


,  7*  UUU  l  ini 

where  '  N  =  -  and  KN  - - 

(%)  (Vdd)  2 

2L 


The  rise  time  response  can  be  determined  similarly  and 
results  in  [4]: 


-1  0.1 

tanh  (1  - - ) 

Ctfp  -  0.1  1  -  d p 

TR  =  Tp[ -  + - - 3  1331 

2  ( l  —  Or  p  j 

(l-C^p)  P 
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~r 


v  \  r_  i  _  * 


where 


cout 

<KP) (Vdd) 


Cin 

and  Kp=  - 

2 

2L 


Any  difference  in  the  rise  and  fall  times  results  from  the 
difference  in  the  mobility  factors  of  the  majority  carriers 
in  the  P-type  and  N-type  materials,  the  input  (gate) 
capacitance  CIN,  and  the  length  of  the  channel  of  the 
respective  transistors. 

The  response  times  of  particular  interest  for  the  CMOS 
inverter  circuit  are  the  rise  and  fall  times  and  the 
associated  pair  delay.  The  pair  delay  (for  the  P-type  and 
N-type  transistor  pair)  is  approximated  by  [4] : 


T 


1 

0.9  T  ( -  + 

(1  -  ^n)2 


1 

- ) 

2 

( 1  —  Ot  p) 


[34] 


Cout  2LT0xC0ut  _ 

where  T~ -  =  -  =  /  N 

kN  vdd  N  w  vdd 


where  and  &  p  are  the  normalized  threshold  voltages  for 
the  inverter. 

The  pair  delay  is  the  delay  that  a  signal  experiences 
after  it  has  propagated  through  two  cascaded  stages  of 
inversion  thus  representing  the  effect  of  one  rise-time  and 
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one  fall-time.  It  is  measured  at  the  50%  points  of  the 
signal  waveform.  This  is  how  signals  are  standardized  for 
experimental  analysis.  This  approximation  results  from 
summing  Tp  and  Tr  while: 

1.  Ignoring  the  tanh  term 

2.  Approximating  the  Of-  0.1  factor  with  0.9  in 
the  numerator  of  the  first  term 

Experimental  results  have  shown  that  this  approximation 
is  within  10%  of  the  measured  values  [4]  and  depends  on  the 
response  of  the  two  stages  since  one  delay  will  be 
determined  by  the  N-type  device  and  the  other  delay  will  be 
determined  by  the  P-type  device  due  to  the  inversion  of  the 
input  signal. 

B.  Propagation  Delay  Analysis 

Propagation  delay  is  the  result  of  transmitting 
signals  from  one  part  of  a  circuit  to  another  or  from  one 
chip  to  another.  This  brief  analysis  is  based  upon  the  work 
of  Mohsen  and  Mead  [8]. 

The  propagation  path  is  modeled  as  a  large 
capacitance.  As  such,  delays  are  associated  with  the 
charging  and  discharging  of  this  capacitive  load  when 
signals  are  transmitted.  A  driver  stage  (composed  of  a 
driver  chain  and  output  driver)  is  used  at  the  transmitting 
end  of  the  line  and  some  form  of  an  input  (sensing)  circuit 
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stage  is  used  at  the  receiving  end  of  the  line.  Figure  III- 
7  shows  the  system  design  model: 


ORIVER  CHAIN  DRIVER  HIGH  STAGE 


Figure  III-7.  Large  capacitance  design  model  [8]. 

Delay  times  exist  for  the  output  driver  and  driver  chain, 
the  time  required  to  charge  the  line  capacitance  through  the 
output  driver,  and  an  input  circuit  delay.  A  load  (line) 
capacitance,  CL,  is  driven  with  a  signal  that  originates  on 
the  gate  of  an  MOS  transistor  with  gate  capacitance  Cq* 

To  drive  a  large  capacitance  CL,  an  elementary  driver 
circuit  is  used  to  drive  increasingly  larger  drivers  in 
cascade  until  the  last  (output)  driver  is  large  enough  to 
drive  the  load.  If  the  delay  of  the  elementary  driver  ^DR 
is  then  the  delay  of  a  driver  f  times  as  large  is  f  TDR.  if 
N  stages  are  used,  then  the  total  driver  delay  is: 

Tch  *  NfTDR  [35] 

The  output  driver  circuit,  with  input  capacitance 
charges  the  capacitance  of  the  line,  CL,  with  a  voltage. 
There  is  a  delay  associatd  with  the  output  driver  which 
should  be  included  for  in  the  total  driver  delay  Tc h  and  the 
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capacitive  load  (line)  delay  Tj,.  The  input  circuit  detects 
the  signal  at  the  other  end  and  generates  an  output  voltage 
V0.  A  delay  7"i  exists  for  the  input  circuit. 

Figure  III-8  shows  the  relationship  among  the  three 
delays  considered  here. 


INPUT  STAGE  GAIN 


V|/m»n 

INPUT  VOLTAGE  SWING 


Figure  III-8.  Delay  relationships  chart  for  large 

capacitance  line  [8]  . 


The  total  delay,  7-  ,  may  be  calculated  as  the  sum  of  the 

D 

driver  delay,  the  line  delay  and  the  input  circuit  delay: 

*r  *7*  +  7-  +  7-  [36] 

D  ch  L  i 
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IV.  Speed-up  Techniques 

This  chapter  provides  information  on  various  speed-up 
techniques.  As  previously  discussed,  these  techniques  deal 
with  methods  of  circuit  modification  that  can  be  implemented 
by  the  circuit  designer  if  additional  speed  is  desired 
within  a  specific  circuit  being  developed. 

This  chapter  begins  with  a  presentation  of  capacitor 
pull-up  circuits  as  they  apply  to  MOS  circuits  in  general 
and  concludes  with  a  review  of  the  "precharge"  techniques 
that  have  been  implemented  by  various  designers.  The 
section  on  precharge  techniques  begins  with  applications  to 
NMOS  circuits  and  concludes  with  CMOS  based  applications. 
The  intent  of  this  chapter  is  to  present  speed-up  techniques 
that  are  presently  or  have  been  used  in  circuit 
applications,  to  provide  reference  data  for  the  potential 
circuit  designer. 

A.  MOS  Capacitor  Pull-Up  Circuits 

Simple  speed-up  capacitors  may  be  used  to  increase 
the  switching  speed  of  bipolar  transistors  by  reducing  the 
storage  time  during  the  switching  transient.  However,  for 
MOS  circuits,  there  is  no  storage  time  delay.  Alternative 
uses  have  been  developed  however,  for  adding  capacitors  to 
MOS  circuits  to  try  to  increase  their  their  operating  speed 
through  pull-up  circuits. 


The  data  available  on  this  technique  dates  back  to 
1969  and  addresses  only  its  application  to  MOS  circuits  in 


capacitance  division 


d.  Calculations  indicated  that  the  circuit 
has  the  capability  to  perform  at  25-30 
MHz 

Referring  to  the  circuit  of  Figure  IV-1,  capacitors  Cl  and 
C2  are  non-linear  p-n  junction  capacitances  associated 
directly  with  the  MOS  devices,  C4  is  the  load  element,  C3  is 
the  input  capacitance  to  transistor  Q3  of  the  next  stage  and 
C5  is  the  overlap  capacitance  of  the  coupling  device.  Ql  and 
Q3  are  driver  devices  and  Q2  is  the  coupling  device. 

When  transistor  Ql  is  off,  during  the  rise  time  of 
the  clock  pulse  the  voltage  at  PI  rises  rapidly.  The 
coupling  device  begins  to  conduct  when  the  clock  pulse 
reaches  the  Q2  turn-on  threshold  voltage.  The  charge 
stored  on  Cl  and  C2  is  redistributed  such  that  VI  =  V2. 
During  the  fall  time  of  the  clock  signal,  VI  falls  rapidly 
due  to  an  appropriate  C1:C4  ratio  while  node  P2  discharges 
slightly  through  Q2  during  turn-off. 

If  Ql  is  on,  then  during  the  clock. rise  time  the 
capacitive  divider  at  PI  is  in  parallel  with  the  resistance 
of  Ql  giving  VI  an  exponential  form.  As  the  clock  passes 
the  threshold  voltage  of  Q2  it  turns-on  putting  Cl  in 
parallel  with  C2  +  C3.  This  results  in  a  lower  maximum 
value  of  VI  which  decays  toward  zero  as  the  clock  pulse 
decays  toward  zero.  The  purpose  of  this  technique  is  to 
force  the  circuit  to  operate  as  closely  to  the  shape  of  the 
input  clock  as  possible  thereby  reducing  delays. 


v.  v-w 
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Measured  circuit  time  constants  were  determined  to 


be  short  enough  for  10-20  MHz  operation,  somewhat  less  than 
the  computer  predicted  operating  speed. 

Use  of  capacitors  alone  as  load  elements  has  not 
developed  as  a  widespread  technique  for  speeding  up 
circuits.  The  primary  reason  being  the  impracticality  of 
designing  capacitors  as  the  scale  technology  progressed  from 
small,  medium  and  large  to  very  large  scale  integration. 
The  most  widely  used  load  element  at  this  time  is  the 
depletion-mode  transistor,  which  provides  a  high  load 
impedance.  However,  the  parasitic  capacitances  internal  to 
the  load  transistor  do  have  an  effect  on  the  operating 
speed  of  the  switching  transistor,  as  discussed  above. 

B .  Bootstrap  Pul 1-Up  Inverter 

The  inverter  circuit  shown  in  Figure  IV-2  is 
useful  for  fast  switching  operations  when  large  capacitive 
loads  are  to  be  driven. 


i 


Tj 
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Figure  IV-2.  Bootstrap  Pull-up  circuit  for  increased 

drive  capability  [10] . 


An  additonal  transistor,  T3,  is  coupled  to  the 
capacitance  Cl  to  drive  the  load  capacitance  C2.  During 
initial  operation,  T1  was  operating  in  the  saturation 
region,  the  driver,  T2,  was  in  the  triode  region,  the  output 
was  at  a  low  voltage  level  and  a  voltage  of  \^cl  “  appears 
across  Cl.  As  Vin  switches  to  zero  voltage,  the  output 
voltage  increases  as  transistor  T2  shuts  off.  The  gate  bias 
for  T1  is  then  the  voltage  across  Cl. 

As  T2  begins  to  shut  off  due  to  a  zero  input 
voltage,  the  voltage  stored  across  Cl  remains  during  the 
switching  transient.  As  the  voltage  at  the  output 
increases,  the  load  transistor  is  forced  into  its  triode 
operating  region  which  causes  VQ  to  rapidly  reach  its 
maximum.  The  gate  of  the  load  transistor  Tl,  reaches  a 
maximum  of  2Vdd  -  VQ  -  Vgs#  where  Vgs  is  the  substrate  bias 
voltage.  Transistor  T3  simply  acts  as  an  additional  pull-up 
device  that  enhances  the  speed  of  the  voltage  rising  from  a 
low  to  a  high  level. 

C.  Precharging 

The  concept  of  precharging  is  based  on  the 
premise  that  the  transition  of  a  low  level  signal  to  a  high 
level  takes  a  longer  period  of  time  than  the  transition  of  a 
high  level  signal  to  a  low  level.  This  premise  is  valid 
assuming  the  discharge  of  the  circuit  occurs  through  a  small 
resistance  compared  with  the  resistances  encountered  when 
the  circuit  is  charged  to  a  high  level,  creating  a  smaller 
RC  time  delay  on  discharge  of  the  circuit.  This  situation 


exists  in  the  standard  MOSFET  circuit  using  a  depletion  mode 
load  transistor. 

The  precharge  concept  can  be  effective  for  both 
switching  and  propagation  applications.  The  precharging 
process  is  easily  used  when  a  two  phase  clock  is  being 
implemented  within  the  designed  circuit.  Temporarily  unused 
lines  are  precharged  to  a  high  level  through  the  relatively 
low  resistance  of  the  wire.  The  capacitance  of  the  wire 
holds  the  line  high  (similiar  to  the  action  of  a  pull-up 
transistor).  This  precharging  is  accomplished  under  control 
of  phase  1  of  the  clock  and  actual  circuit  switching  occurs 
during  phase  2  of  the  clock. 

In  this  way  if  the  next  signal  on  the  line  is  high  the 
line  will  already  have  the  high  level  available  on  it 
and  if  the  next  signal  is  a  low  level,  advantage  can  be 
taken  of  the  more  rapidly  occurring  transition  fall-time  of 
the  line  from  high  to  low.  The  careful  design  of  the 
circuit  to  synchronize  the  two  phase  clock  scheme  to 
accomplish  this  precharge  task  is  critical  to  valid 
operation  of  the  circuit.  Coordination  of  either  pulling  or 
setting  a  point  or  line  high  is  used  to  reduce  the  slow  low 
to  high  transitions.  It  has  applications  in  carry-chain 
circuits  for  ALUs  and  is  frequently  used  within  RAM  memory 
cells  for  read  operations  when  increased  speed  is  desired  in 
the  slow  memory  access  process.  The  precharge  concept  can  be 
used  selectively  within  a  circuit  to  set  specific  lines  high 
on  the  first  phase  of  the  two  phase  clock.  Due  to  the 


discharge  times  of  the  individual  gates,  the  precharged 
line{s)  will  remain  at  the  high  level  and  trigger  subsequent 
combinational  logic  to  its  functionally  correct  levels 
(either  high  or  low),  until  the  actual  input  signals  on 
gates  which  electrically  precede  the  precharged  node 
propagate  to  the  precharged  lines  and  the  gates  tha«-  follow. 
As  the  input  signals  arrive,  they  can  either  be  high  and 
take  advantage  of  the  already  high  (precharged)  inputs  to 
subsequent  gates  and  not  have  to  suffer  a  gate  by  gate  delay 
for  each  gate,  or  be  low  where  the  more  rapid  high  to  low 
transition  time  is  the  only  speed-up  that  can  occur.  This  is 
similar  to  the  "domino"  effect  [4]  described  by  Krambeck  et 
al  as  the  precharge  is  used  to  initialize  the  circuit  for 
£•  operation  using  a  two  phase  clock. In  practice,  precharged 

lines  to  the  same  gate  could,  in  the  optimum  case,  propagate 
the  correct  signal  level  to  the  output  of  the  combinational 
logic,  occur  independently  of  the  input,  and  reduce  the  gate 
delay  for  circuits  beyond  the  precharged  node  to  near  zero, 
since  all  the  gates  will  be  set  to  the  correct  high  or  low 
level  before  the  actual  Inputs  ever  reach  the  combinational 
logic  themselves.  If  high  levels  occur  on  certain  lines  more 
frequently  during  operation  in  comparison  to  other  lines, 
and  this  can  be  predicted  during  the  design  process,  then 
those  lines  should  be  precharged.  The  advantage  of  thii  is 
that  this  charging  to  a  high  level  is  automatically  applied 
to  combinational  logic  gates  that  follow  the  precharged 
layer  of  gates,  thereby  "presetting"  the  inputs  and  outputs 
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of  the  following  gates  so  that  "highs"  on  the  "real"  inputs 
that  occur  later  won't  have  to  do  it  and  the  only  gate 
delays  that  will  occur  happen  while  the  "real"  inputs  are 
propagating  to  the  location  of  the  precharged  gates. 

For  switching  applications,  fabrication  techniques  and 
new  materials  are  progressing  to  the  point  where  equal  rise 
and  fall  times  will  be  achievable.  Even  so,  this  applic¬ 
ation  of  precharge  will  continue  to  be  valuable.  However, 
the  designer  should  keep  in  mind  the  limitations  of  this 
application.  The  maximum  frequency  of  operation  of  a 
circuit  will  be  determined  by  the  speed  of  the  slowest  part 
of  the  circuit.  Even  though  some  lines  may  be  precharged, 
and  the  delays  along  these  portions  of  the  circuit  reduced, 
if  other  parts  of  the  circuit  operate  slower,  i.e.  a  large 
number  of  "real"  input  lows  occur,  then  this  slower  part  of 
the  circuit  and  its  associated  delays  will  determine  the 
maximum  frequency  of  operation.  This  effectively  negates 
the  addition  of  the  precharging,  since  the  remainder  of  the 
circuit  must  wait  for  the  slowest  part  to  complete  its 
function. 

A  complementary  alternative  to  the  precharging  concept 
is  the  selective  grounding  of  certain  lines  that  are 
expected  to  have  a  high  occurrence  of  low  signals  on  them. 
This  produces  the  same  effect  as  the  precharge  since  the 
ground,  or  low  signals  are  propagated  through  the 
combinational  logic  that  follows  the  "grounding"  layer  and 
set  the  gates  that  follow  to  the  correct  level  before  the 
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actual  input  signals  arrive.  The  delays  associated  with 
these  following  gates  are  again  reduced/eliminated  since  the 
real  input  signals  will  not  have  to  cause  the  actual 
switching  of  the  gates  since  it  will  have  already  occurred 
by  the  grounding  taking  place  on  phase  one  of  the  two  phase 
clock.  The  effective  use  of  precharging  or  grounding  is 
clearly  dependent  upon  the  individual  delays  of  the  gates 
being  used.  The  precharge/ground  must  have  time  to  occur 
(and  stabilize)  before  the  actual  input  signals  arrive  at 
the  precharged  layer  of  gates.  Additionally,  phase  two  of 
the  clock,  which  controls  when  the  signals  are  passed  out  of 
the  "black  box"  circuit,  must  not  occur  until  the  actual 
input  signals  have  propagated  through  the  circuit  itself. 
This  aspect  of  delay  reduction  will  continue  to  be  a 
function  of  the  individual  gate  delays  which  are  controlled 
primarily  by  the  fabrication  techniques  used.  However,  the 
use  of  precharge  will  remain  as  a  good  means  for  reducing 
the  delays  associated  with  long,  high  capacitance  lines 
within  circuits  as  well  as  for  the  selective  method 
discussed  above. 


There  is  very  little  reference  material  on  the 
concepts  of  precharging.  Most  of  the  data  available  deals 
with  specific  applications  in  which  precharging  was  used. 
No  established  guidelines  seem  to  exist  at  this  time.  The 
following  information  refers  to  specific  implementations  of 
precharge  or  precharge-like  techniques.  Although  the  first 
section  below  is  directed  at  NMOS  circuits,  the  applications 


of  precharge  can  be  modified  to  CMOS  design.  A  review  of 
precharge-based  circuits  follows. 


1.  NMOS  Applications 

a.  Charge  Pumping 

This  charge  pump  technique  was  designed  to 
realize  the  standard  erase-then-write  two  step  write 
operation  of  a  memory  circuit  in  a  single  step.  The  charge 
pump  circuit  is  shown  in  Figure  IV-3  [11].  The  charge  pump 
circuit  was  applied  to  the  read/write  circuit  as  shown  in 
Figure  IV-4.  The  actual  operation  of  the  circuit  will  not  be 
discussed  here.  Any  reference  to  actual  circuit  operation 
is  only  intended  to  aid  in  evaluating  the  operation  of  the 
|  %  •  precharge  circuitry. 

I 


To  Charge 
Pump  Circuit 


Figure  IV-3.  Charge  pump  circuit  [11]. 
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When  the  read  operation  begins,  QqG,  Qcd»  Qe»  and 
qd  are  turned  on  by  the  column  select  (CS)  and  the  row 
select  (RS)  respectively.  The  data  is  stored  on  and  is 
provided  at  point  B  for  output.  If  Qm  is  ON  originally, 
then  node  B  is  low  and  node  A  is  high  after  the  read 
operation.  The  charge  pump  circuit  pulls  the  level  of  node 
A  to  the  value  of  and  since  the  path  to  ground  through 
point  B  is  still  closed,  point  B  will  remain  low.  After  a 
short  time  QM  will  invert  its  state  due  to  tunneling  and 
node  B  will  be  pulled  high  by  the  charge  pump  circuit. 
Therefore  by  applying  CL  to  the  charge  pump  circuit,  the 
state  of  QM  can  be  inverted.  The  simultaneous  occurrence  of 
Qm  driven  to  a  high  or  a  low,  and  node  B  driven  to  the 
inverse  of  the  signal  stored  on  the  gate  of  QM*  turns  the 
normal  two  step  erase-then-write  process  into  a  single  step. 

Although  refered  to  as  "charge  pumping"  this  circuit 
performs  a  simple  precharge  function  on  the  memory  cell. 
Whenthe  clock  pulse  occurs,  the  state  of  the  transistor  Qm 
will  determine  if  the  node  A  will  be  charged  to  a  high  level 
and  whether  or  not  node  B  will  be  high  or  low. 


b.  NMOS  Dynamic  RAM  Cell 


Newkirk  and  Matthews  [12]  implement  precharging 
when  their  dynamic  RAM  cell  is  used  in  a  3  transistor  memory 
subsystem,  with  an  interface  and  address  cell.  The 
interface  cell  is  precharged  during  phil,the  first  clock 
pulse  of  a  two-phased  clock.  If  sense  (read)  is  high  then 
ExtlO  will  be  high  due  to  the  precharge  unless  a  stored 
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"high"  discharges  the  precharge.  If  drive  (write)  is  high, 
then  the  input  value  on  ExtIO  to  be  written  to  the  memory 
cell  will  determine  if  the  precharged  line  is  grounded 
(value  on  ExtIO  is  high)  or  if  it  stays  at  a  high  level 
(ExtIO  is  low).  Figure  IV-5  shows  a  diagram  of  the  memory 
subsystem. 


ExtIO 


Figure  IV-5.  3-transistor  Memory  Subsystem  [12] 


In  this  implementaion,  the  precharge  scheme  was  used  to 
facilitate  the  reading  and  writing  of  data  to  the  memory 
cell.  An  underlying  benefit  of  using  the  precharge  is  an 
increase  in  the  speed  of  the  read  and  write  operations  of 
the  cell.  Memories  are  inherently  slow  in  this  regard  and 
precharging  is  an  excellent  way  to  shorten  the  memory  access 
cycle. 


c.  CalTech  0M2  Arithmetic  Logic  Unit  (ALU) 

Mead  and  Conway  [13]  provide  a  review  of  their  "Our 
Machine"  (OM)  Project  at  Caltech  and  emphasize  the  system 
requirement  for  a  high  performance  carry  chain  within  the 
ALU  since  they  felt  the  carry  chain  would  have  the  most 
limiting  effect  on  the  performance  of  the  system.  They 
implemented  a  Manchester-type  carry  chain,  and  since  it  had 
a  limited  capability  to  propagate  high  signals,  they  took 
advantage  of  a  null  period  experienced  in  the  processing 
cycle  of  the  op-code  of  the  computer.  They  decided  to 
precharge  the  data  paths  of  the  carry  chain,  to  reduce  the 
requirement  for  high-level  signal  propagation  through 
relatively  slow  pass  transistors.  The  carry-out  line  was 
precharged  and  the  actual  data  being  supplied  to  the  carry¬ 
out  line  determined  if  the  carry-out  line  would  be  shorted 
to  ground  or  not.  Figure  IV-6  shows  the  carry  chain  circuit 
for  the  ALU. 
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Precharge  Carry-oul 


Figure  IV-6.  Carry  chain  circuit  for  0M2  ALU  [13], 

2.  CMOS  Applications 

a.  Domino  Logic  Circuit 

Krambeck  et  al  [5]  apply  the  concept  of  pre¬ 
charging  in  their  design  of  a  CMOS  domino  circuit.  They 
employ  a  precharge  signal  that  is  used  to  turn  on  all  the 
gates  in  a  circuit  at  one  time  thereby  reducing  the 
requirement  for  complex  timing  schemes  and  reportedly  taking 
advantage  of  the  inherent  speed  of  the  CMOS  gates. 
Specific  application  of  their  domino  circuit  to  an  8-bit  ALU 
has  indicated  through  simulation  to  be  one  and  a  half  to  two 
times  as  fast  as  traditional  circuits  performing  similar 
functions.  The  domino  circuit  is  shown  in  Figure  IV-7.  The 
values  of  the  inputs  (II  -  15)  to  the  transistors  determine 
the  output  of  the  domino  circuit  cell  after  the  precharge. 
Individual  dynamic  cells  are  isolated  from  each  other  by 


IV- 15 


inverter  stages 


Figure  IV-7.  Domino  logic  circuit  [5] . 

In  addition  to  increasing  circuit  speed,  Krambeck's 
circuit  has  eliminated  the  internal  clock  race  condition  by 
placing  the  inverter  after  each  logic  block  for  isolation. 
During  the  precharge  phase,  the  outputs  of  all  the  inverters 
are  driven  to  a  low  level  by  the  precharged  node  and 
therefore  all  n-type  transistors  driven  by  these  inputs  are 
turned  off.  During  phase  two  of  the  clock,  any  internal 
clock  delays  cannot  incorrectly  discharge  the  storage  nodes 
since  the  path  to  ground  through  the  n-type  transistors  is 
open.  All  internal  nodes  can  make  at  most  one  transition 
until  the  next  precharge,  therefore  a  stable  propagation 
state  exists.  Since  this  process  is  similar  to  the  falling 
of  dominos  as  the  signal  passes  from  block  to  block,  this 
name  was  applied  to  the  design. 


b.  Domino  Logic  Modification 


technique  making  use  of  the  domino  circuit  previously 
described.  The  redundancy  of  information  characteristic  of 
CMOS,  low  power  dissipation  and  lower  capacitances,  thus 
higher  speeds,  can  be  achieved  if  the  n-type  dynamic  CMOS 
logic  block  shown  in  Figure  IV-8  is  used  in  lieu  of  standard 
CMOS  circuitry.  Silicon  area  is  also  reduced  since  only  N  n- 
type  devices  are  used  and  2  p-type  devices  (total  N+2 
devices)  are  used  instead  of  N  p-type  and  N  n-type  devices 
as  in  standard  CMOS. 


1 

EVALUATION 
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Figure  IV-8.  n-type  dynamic  CMOS  logic  block  [14], 

The  inherent  deficiencies  of  Krambeck's  design  are 
determined  as: 

1.  The  combination  of  the  dynamic  block  and 
inverter  results  in  inverted  signals  which 
decreases  logic  design  flexibility 

2.  The  clock  race  problem  is  just  controlled, 
it  is  not  overcome 


These  deficiencies  are  resolved  by  a  specific  "No  Race" 
(NORA)  [1]  design  approach.  However,  the  precharge  scheme 
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is  treated  in  the  same  manner  as  implemented  by  Krambeck. 
The  primary  difference  between  the  two  approaches  is 
Krambeck's  use  of  inverters  for  isolation  versus  Gonsalves 
use  of  latch  stages  to  store  information  in  successive 
stages,  his  addition  of  p-type  dynamic  blocks  as  well  as  the 
n-type  domino  logic  cell  used  by  Krambeck  and  a  subsequent 
emphasis  on  pipelining  of  data  within  cirucits. 

3 .  High  Speed  Precharge  Circuit 

Stewart  and  Plus  have  integrated  precharging  to 
provide  a  high  performance,  high  speed  EEPROM  [15].  The 
precharge  generation  circuit  is  shown  in  Figure  IV-9.  The 
precharge  signal  generated  in  the  precharge  and  control 
circuit  is  used  to  switch  on  the  decoders  and  sense 
amplifiers  following  changes  in  the  memory  address  inputs. 

A  high  speed  parallel  decoder  and  sense  amplifier 
circuit  which  detect  small  voltage  changes  on  the  lines  as 
data  is  read  out  of  the  memory  cells.  The  actual  operation 
of  the  circuitry  will  not  be  discussed.  This  circuit  simply 
demonstrates  another  application  of  precharging  used  to 
drive  other  circuits. 

The  parallel  decoder  is  shown  in  Figure  IV-10  and  the 
sense  amplifier  circuit  in  Figure  IV-11. 


PC  -  Precharge 

Figure  IV-ll.  Sense  Amplifier  Circuit  115]. 

When  the  precharge  occurs,  the  source  of  PI  remains 
high  and  the  drain  of  P3  is  set  to  low  and  NODE  3  will  be 
precharged  high.  This  sets  up  the  circuit  for  inputs  from  A1 
through  Am  which  will  determine  the  final  value  of  NODE  3. 

4.  Bootstrap  Circuit 

Masuda  et  al  have  designed  an  advanced  and  accurate 
5-V  "bootstrap"  generator  circuit  for  accessing  a  MOS 
structure  64k  RAM  and  achieved  5  nanosecond  delays  using 
another  form  of  precharge  [16]. 

The  bootstrap  circuit  is  simply  a  two  phase 
precharge  circuit  similar  to  those  already  mentioned. 


D.  Propagation  Delay  Reduction 

There  is  one  standard  rule  to  follow  when 
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designing  for  minimum  propagation  delay:  avoid  dominating 
the  chip  area  with  wiring  interconnections. 

a.  Cross  Under  Effect 

In  addition,  Anami  et  al  [17]  have  recommended  an 
approach  for  reducing  the  "crossunder  effect"  and  its 
associated  delay  due  to  the  parasitic  effect  of  the 
resulting  resistance.  The  designer  should  avoid  crossunders 
in  the  critical  signal  paths  of  the  circuit.  The  aspect 
ratio  can  be  minimized  however  to  reduce  any  loss  in  speed 
and  the  optimum  width  of  the  crossunder  can  be  expressed  by: 

1/2 

^Opt=  [  (Ct^xo)  /  (^0^X0^  tl] 

where  RQ  is  the  output  impedance  of  the  line  driver 
driving  the  crossunder  line,  Ct  is  the  capacitance  following 
the  crossunder ,Cxo  is  the  capacitance  per  unit  area  ofthe 
crossunder  and  Rxo  is  the  sheet  resistance  of  the  cross¬ 
under.  They  have  verified  this  equation  through 
experimental  use  of  ring  oscillators. 

b.  Large  Capacitance  Loads 

Mohsen  and  Mead  [8]  have  addressed  driving  a 
large  capacitive  load  as  referred  to  in  Chapter  III. 

Mohsen  and  Mead  have  evaluated  specific  cases  for 
minimization.  Delay  times  for  push-pull  depletion  load 
driver  stages  with  a  single-ended  depletion  load  input  stage 
were  analyzed.  For  this  case  the  following  analysis  was 
derived  [8]. 
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Total  driver  chain  delay  is  minimized  when  each 
successive  driver  stage  is  larger  than  the  previous  one  by  a 
factor  of  e  (the  base  of  the  natural  logarithm).  Where: 


CG 


and 


f 


and  In (Y)  =  N [ In (f ) ] 


f  CL 

=  InY  [ - )  =  e  In [ - ]  [2] 

Inf  CG 

Minimum  total  delay  is  achieved  with  a  fan-out  factor  f 
equal  to  the  base  of  the  natural  logarithm,  e. 

Depending  on  the  application,  the  input  stage  delay  can 
be  optimized  to  different  values. 

Their  overall  conclusions  suggest  that  for 
minimum  delay  time,  the  designer  should  try  to  keep  the 
delays  of  the  driver  circuit,  the  high  capacitive  line  and 
the  sense  circuit  comparable,  i.e.  Tch=  7"l=  7*i  •  This 
conclusion  follows  from  the  delay  relatonships  presented  in 
Figure  III-8. 


c .  Repeaters 

A  repeater  is  simply  a  series  pair  of  inverters. 
Chwanc-  et  al  [18]  have  successfully  implemented  both 
precharging  and  line  buffers/repeaters  in  their  high  density 
64K  CMOS  Dynamic  RAM.  The  repeaters  used  in  series  between 
8K  memory  array  segments  reduced  the  word-line  delay  from  30 
nanoseconds  to  10  nanoseconds. 
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This  application  uses  both  precharging  and  simple 
inverters  to  increase  circuit  operation.  Figure  IV-12  shows 
the  dynamic  RAM  arrays  with  the  repeaters  located  between 
arrays  and  Figure  IV-13  shows  the  use  of  precharging  within 
the  circuit. 


I 

ARRAY  ARCHITECTURE 


Figure  IV-12.  64K  Dynamic  RAM  with  repeaters  [18] 


Figure  IV-13.  Precharge  implementation  circuit  [18]. 


E.  General  Remarks 


This  chapter  consists  of  all  the  data  that  was 
found  as  a  result  of  a  continuing  literature  search  for 
information.  Much  data  was  found  referring  to  fabrication 
methods  and  improved  selection  of  fabrication  materials. 
These  appear  to  be  the  primary  areas  in  which  most  of  the 
effort  is  being  expended  to  improve  the  speed  of  circuitry. 

Different  terms  have  been  used  i.e.  charge  pumping 
and  bootstraping,  to  describe,  after  analysis,  what  in 
actuality  is  a  form  of  precharging.  However,  the  term, 
"bootstraping"  has  also  been  associated  with  transistor 
pull-up  circuits.  The  reader  is  cautioned  to  disregard  the 
terms  used  to  describe  specific  techniques  and  really 
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determine  exactly  what  the  circuit  is  doing  prior  to 
considering  it  for  use  in  a  design,  since  different  names 
are  sometimes  associated  with  the  same  method  or  technique. 


F.  CMOS  VLSI  Applications 
1.  Requirements 

The  major  requirements  for  a  specific  speed-up 
technique  to  be  considered  useful  are  (in  order  of 
importance) s 

a.  Simplicity 

b.  Ease  of  Implementation 

c.  Applcability  to  variety  of  circuits 

d.  Frequency  of  Use 

The  designer  should  be  able  to  implement  the 
method  with  minimum  modification  if  a  circuit  exists 
already,  the  particular  technique  should  use  a  minimum  of 
chip  area,  which  becomes  critical  in  VLSI  applications,  and 
should  be  a  simple  enough  approach  to  permit  use  by  even  the 
most  basic  of  designers. 

The  frequency  of  use  of  a  certain  technique  is  a 
measure  of  the  design  community's  acceptance  of  the 
technique  for  use.  This  requirement  is  included  as  a 
justification  for  selection  of  a  specif  c  technique  for 
evaluation  during  this  thesis. 

2.  Selection  of  Technique 

From  the  information  provided  in  section  A  of  this 
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chapter,  and  from  a  review  of  available  literature,  the 
most  commonly  used  speed-up  technique  is  precharging  or  some 
modification  thereof;  i.e.  Krambeck  et  al  [5]  and  the 
charge  pumping  scheme  [11].  There  are  two  primary  methods 
of  precharge  implementation.  The  first  method,  using 
precharging  on  output  lines  with  a  two-phase  clock,  permits 
an  implementation  of  a  precharged  line  as  shown  in  Figure 
IV-14  below.  The  line  is  charged  high  in  phil  and  the 
value  of  the  data  and  the  phi2  clock  determine  if  the  line 
will  be  grounded  or  not.  This  circuit  is  useful  for  reducing 
delays  over  large  capacitance  lines  and  will  reduce  the 
charging  delay  time  of  the  lines.  This  method  was  not 
considered  for  simulation  during  this  thesis. 
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Figure  IV-14.  Output  precharge  circuit  scheme 


The  second  method  precharges  selected  nodes  within  a  circuit 
using  individual  transmission  gates  that  pass  Vdd  to  the 
selected  node  when  a  pass  signal  is  applied  to  the 
transmission  gate.  This  normally  occurs  on  phase  one  of  a 
two  phase  clock.  This  scheme  is  shown  in  Figure  IV-15.  Any 
number  of  transmission  gates  can  be  used  for  this 
appication,  however  a  single  transmission  gate  is  required 
for  each  line  that  is  to  be  precharged  to  maintain  isolation 
of  the  individual  signals. 


+V 


N  lines  to  N  precharge  nodes 

Figure  IV-15.  Internal  transmission  gate  precharge  scheme. 

Implementation  of  transmission  gate  circuits  can  be 
accomplished  during  the  design  of  the  circuit  with  no 
additional  effort  and  with  minimal  use  of  circuit  area.  The 
precharge  scheme  can  be  used  anywhere  within  the  circuit 
where  additional  speed  is  required  and  can  be  applied  to  any 
circuit  design.  Any  line  that  can  be  charged  high  and  then 
pulled  low  or  left  high,  based  on  circuit  data  manipulation. 
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can  be  subjected  to  precharging.  Transmission  gates  will  be 
discussed  in  more  detail  in  chapter  V. 

These  characteristics  make  the  precharging  concept  a 
reasonable  choice  for  evaluation. 

From  review  of  the  literature,  precharging  was  the  most 
popular  manual  design  technique  used  to  speed-up  circuit 
operation.  Although  it  was  frequently  used,  little  data  was 
available  on  exactly  how  good  an  approach  it  really  was. 
Many  designers  had  used  it,  with  reported  increases  in 
speed,  however,  a  consolidated  source  of  information  was  not 
available.  Since  precharging  had  the  highest  frequency  of 
use,  an  analysis  of  its  capabilities  was  performed. 

Therefore,  the  remainder  of  this  thesis  was  concerned 
with  applying  precharging  to  an  existing  ALU  bits lice  and  to 
newly  designed  circuit  elements  using  CMOS/SOS  technology. 
The  circuits  were  extensively  simulated  using  SPICE 
transient  analysis  to  determine  the  success  of  precharge 
application. 

Chapters  V  and  VI  present  the  precharge  design  of  the 
ALU  bitslice  and  the  design  and  precharge  of  additional 
circuit  elements  to  be  used  for  simulation. 

The  results  of  the  simulations  are  presented  and 


evaluated  in  Chapter  VII 


V.  System  Design 


A.  Introduction 

The  design  portion  of  this  project  was  divided  into 
two  main  areas: 

1.  CMOS/SOS  ALU  Bitslice  modification  using 
precharge  techniques 

2.  Implementation  of  a  circuit  using  the  modified 
ALU  bitslice  as  a  circuit  element  built  around  a  4x4  bit 
Random  Access  Memory  (RAM)  referred  to  as  the  Memory/ ALU 
Bitslice  circuit 

In  this  chapter,  the  modified  ALU  bitslice  using 
precharging,  and  the  Memory/ALU  Bitslice  circuit  design, 
incorporating  the  modified  ALU  bitslice,  are  presented.  The 
more  elaborate  circuit  was  used  to  demonstrate  the  applic¬ 
ations  of  precharging  techniques  to  elements  within  a  more 
complex  circuit.  The  applications  presented  here  demon¬ 
strated  the  flexibility  of  precharging  as  a  design  tool 
which  can  be  used  in  new  designs  as  well  as  being  added  to 
existing  designs. 

B.  Requirements 

1.  The  following  design  requirements  applied  to  the 
modification  of  the  ALU  bitslice  and  the  design  of  the 
Memory/ALU  Bitslice  circuit: 

a.  The  bitslice  precharge  circuitry  must  be: 

1.  Capable  of  speeding  up  circuit  operation 

2.  Be  easy  to  implement 


3.  Use  as  little  area  as  possible 

4.  Apply  to  a  wide  variety  of  circuits 

b.  The  Memory/ALU  Bitslice  circuit  must: 

1.  Demonstrate  the  precharging  concept 
applied  at  a  chip  level,  i.e.  a  large  circuit  application. 

2.  Demonstrate  uses  of  precharging  applied 
to  elements  commonly  used  by  the  circuit  designer 

2.  To  meet  these  requirements,  SPICE2  was  used  for 
simulation.  To  determine  the  performance  of  the 
precharge  speed-up  technique,  the  following  steps  were 
followed: 

a.  Design  a  test  circuit 

b.  simulate  the  test  cirucit  with  SPICE2 

c.  Use  a  variety  of  precharge  configurations  and 

simulate  circuit  operation  for  each  configur¬ 
ation 

d.  Compare  test  circuit  results 

e.  Simulate  the  2x4  decoder  circuit  using  SPICE2 

f.  Apply  precharging  to  the  decoder,  RAM  and 
registers 

g.  Simulate  the  operation  of  the  circuit  using 
SPICE2 

h.  Compare  the  results  of  the  two  simulations 

i.  Simulate  basic  bitslice  operation  using  SPICE2 

j.  Select  bitslice  nodes  to  apply  precharge 

k.  Design  of  the  precharge  circuit  itself 

l.  Implement  the  precharge  modifications  to  the 
circuit 


Simulate  operation  of  modified  bitslice  with 
SPICE2 

Compare  the  results  from  each  analysis 

Incorporate  the  ALU  bitslice  into  a  circuit 
using  a  4x4  memory  circuit 

Evaluate  results  and  present  conclusions 


C.  Circuit  Selection 

For  the  evaluation,  a  test  circuit  was  designed  for 
basic  precharge  and  timing  evaluation  and  the  first  bitslice 
of  the  CMOS/SOS  ALU  designed  and  developed  by  Sommars  [3], 
was  selected  as  a  more  complex  circuit  to  which  the 
precharge  technique  was  applied  and  evaluated.  At  the 
time  this  thesis  took  place,  the  ALU  and  the  CMOS/SOS 
library  were  the  only  existing  CMOS/SOS  based  VLSI 
components  available  at  AFIT.  The  precharge  technique  was 
applied  to  only  the  first  bitslice  of  the  ALU  to  limit  the 
scope  of  the  simulation  required  and  to  eliminate  redundancy 
of  effort  for  application/evaluation  since  the  subsequent 
bitslices  of  the  ALU  differed  only  slightly  from  the  first 
one  and  thererfore  could  be  precharged  in  the  same  way. 


D.  Design  Rules 

This  design  effort  made  use  of  the  same  design 
rules  used  by  Sommars  [3]  in  support  of  his  design  of  the 
CMOS/SOS  library  cells  based  on  the  unpublished  notes  of 
Seitz  [18]. 

E.  ALU  Bitslice  Modifications 

The  output  lines  of  the  ALU  were  precharged  on  phase 


one  of  a  two  phase  clock  and  the  data  will  be  read  out  of 
the  ALU  on  phase  two  of  the  clock.  The  capacitance  of  the 
output  lines  will  be  charged  on  phase  one  and  the  value  of 
the  data  (high  or  low)  will  determine  if  the  line  is 
discharged  to  ground  through  the  low  resistance  of  the  pull¬ 
down  transmission  gate  or  will  remain  high  at  the  output  of 
the  circuit.  The  CMOS  transmission  gate  is  used  for  the 
precharge  pass  element.  This  gate  is  shown  in  Figure  V-l. 
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Figure  V-l.  CMOS  transmission  gate  [7], 


This  gate  ideally  has  zero  resistance  when  closed  and 
infinite  resistance  when  open.  It  is  formed  by  joining  the 
sources  and  drains  of  a  pair  of  MOS  transistors  of  opposite 
polarity.  Control  signals  on  the  gates  of  each  transistor 
determine  whether  or  not  the  signal  will  be  transmitted.  If 
each  device  has  a  threshold  voltage  of  2  volts,  and  the 
control  voltages  to  the  gate  of  the  p  and  n  type  devices  are 
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0  and  10  volts  respectively/  the  n  type  device  will  remain 
"on"  until  the  input  to  the  transmission  gate  reaches  10-2 
=  8  volts,  when  it  will  turn  "off".  However,  the  p  type 
device  will  continue  to  conduct  since  the  gate  to  source 
voltage  of  8  volts  is  greater  than  the  p  type  device 
threshold  voltage  of  -2  volts.  In  this  manner  the  entire 
supply  voltage,  Vdd,  can  be  transmitted  by  the  gate  and  a 
"good"  precharge  can  take  place.  Two  precharge  circuits 
were  used;  an  internal  precharge  circuit  and  an  output 
precharge  circuit.  The  internal  precharge  circuit  was  used 
to  selectively  precharge  nodes  within  the  bitslice  circuit 
and  the  output  precharge  circuit  precharged  only  the  output 
lines  of  the  bitslice.  The  basic  block  diagrams  for  the 
internal  and  output  precharge  circuits  are  shown  in  Figure 
V-2  and  Figure  V-3  respectively.  Block  diagrams  of  the 
unmodified  and  the  modified  ALU  bitslices  are  also  provided 
in  Figures  V-4  and  V-5  for  comparison. 
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Figure  V-2.  Internal  precharge  circuit. 
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Figure  V-3.  Output  precharge  circuit. 
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Figure  V-4.  Unmodified  ALU  design  [3]. 
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demonstrates  the  utility  of  the  CMOS/SOS  library  for 
practical  design  and  sets  the  stage  for  future  design 
efforts  in  the  CMOS/SOS  area. 

The  Memory/ALU  circuit  was  designed  to  perform 
in  conjunction  with  a  microprocessor  controller.  The 
circuit  is  composed  of  the  basic  ALU,  a  4  bit  by  4  bit 
static  Random  Access  Memory  (RAM),  a  row  decoder  and  the 
necessary  control  logic  required  to  manipulate  the  memory 
and  the  ALU. 

The  transmission  gate  is  used  in  this  design  to 
clock  the  signals  within  the  circuit,  since  the  use  of 
transmission  gates  is  presently  the  only  effective  way  to 
control  and  isolate  clocked  signals  in  CMOS  circuits. 

1.  Circuit  Function 

The  function  of  the  circuit  is  as  follows: 

Data  will  be  written  into  memory  in  4-bit  words  in 
accordance  with  a  decoded  2-bit  row  address,  with  both  data 
and  address  supplied  by  the  microprocessor.  Data  processing 
can  be  performed  for  two  operator  functions  and  for  single 
operator  functions.  To  perform  arithmetic  or  logical 
operations  between  different  operators,  two  registers  will 
be  implemented  to  hold  the  two  respective  4-bit  words  that 
have  been  read  from  memory.  The  registers  will  be  selected 
by  a  register  select  line.  Data  is  first  read  into  the  A 
register.  As  data  is  subsequently  read  into  the  B-register, 
the  register  select  signal  will  pass  the  ALU  command  on  the 


KT1D-A152  466  SPEED-UP  TECHNIQUES  FOR  COMPLEMENTARY  METAL 
1  SEMICONDUCTOR  VERY  LARG.  .  (U)  AIR  FORCE  INST 
3  MRIGHT-PATTERSON  AFB  OH  SCHOOL  OF  ENG I.  .  B 
i  UNCLASSIFIED  14  DEC  84  AFIT/GE/ENG/84D-41 

OXIDE 

OF  TECH 

T  KELLEY 
F/G  28/12 

2S^ 
NL  1 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

m 

MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS- 1963 -A 


S0-S3  input  lines  into  the  ALU#  and  the  function  selected  by 


S0-S3  will  be  performed.  If  only  a  single  operator  is 
required,  i.e.  A  +  1  (an  increment  function),  the  register 
select  line  will  still  select  register  B,  after  data  is 
entered  into  register  A,  but  the  contents  of  register  B 
will  not  be  used.  For  either  case,  the  data  from  memory  is 
applied  to  the  ALU  for  manipulation  based  upon  the  command 
input  to  the  ALU  generated  by  the  microprocessor  controller. 
The  output  of  the  ALU  can  be  monitored  to  determine  if  the 
circuit  performs  the  desired  functions  correctly. 

For  single  chip  implementation,  the  following  signal 
lines  will  be  required; 

a.  Two  address  lines 

b.  Four  data  input  lines 

c.  One  read/write  line 

d.  Four  ALU  command  lines 

e.  Two  ALU  bits lice  output  lines 

f.  One  register  select  line  to  the  ALU 

g.  One  external  clock  line. 

h.  One  chip  ground  line 

i.  One  Vdd  line 

j.  One  substrate  connection 

Total:  18  chip  pins 

The  system  circuit  diagram  is  shown  in  Figure  V-6. 
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Figure  V-6.  System  circuit  diagram. 

2.  Additional  Components  Required 

In  addition  to  the  existing  ALU,  the  following 
additional  circuit  components  that  will  be  required  are: 

1.  RAM  cell  -  static  (no  refresh  required)  from 

which  a  4x4  bit  RAM  was  realized 

2.  2x4  Decoder 

3.  Two  four-bit  registers 

4.  Read/Write  Control 

5.  ALU  input  control 

The  basic  decoder,  4x4  bit  RAM  and  the  register 


circuit  elements  were  initially  designed,  and  then 


precharged.  This  was  done  to  demonstrate  the  flexibility  of 
precharging  during  the  circuit  design  phase. 

F.  Memory/ ALU  Circuit  Chip  Layout 

The  pad  layout  for  the  expanded  circuit  chip  is 
provided  in  Figure  V-7.  The  choice  of  chip  pads  is  limited 
for  CMOS/SOS  applications.  Pads  will  be  selected  from  the 
following  list: 

1.  padVdd 

2.  padground 

3.  padblank 

4.  padout  (composed  of  paddriver  and  padamp) 

5.  padin 

At  this  time  no  capability  exists  to  generate  a  two 
phase  clock  on  chip.  Therefore,  these  circuits  were 
designed  with  the  intention  of  driving  them  with  an  off-chip 
two  phase  clock  source.  Pad  types  are  represented  by  their 
respective  numbers  listed  above. 
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Figure  V-7.  Pad  layout  for  chip 


Detailed  Design  and  Analysis 


This  chapter  begins  with  a  brief  analysis  of  the 
predicted  advantage  of  precharge  when  used  with  the  CMOS/SOS 
library  cells  in  circuit  design. 

The  chapter  concludes  with  a  presentation  of  the 
detailed  designs  of  the  modified  ALU  bitslice  and  the 
Memory/ALU  Bitslice  circuit.  The  precharge  circuitry  which 
is  applied  to  the  ALU  bitslice  and  the  elements  of  the 
Memory/ALU  Bitslice  circuits  are  shown  in  their  schematic 
and  CLL  plot  layouts. 


A.  Test  Circuit  Delay  Analysis 


This  analysis  is  intended  to  provide  the  reader  with  a 
better  understanding  of  the  expected  advantage  of  using 
precharge  as  a  circuit  speed-up  technique.  The  timing 
values  presented  are  those  results  achieved  by  Sommars  from 
his  SPICE2  simulations  of  the  individual  CMOS/SOS  library 
cells  that  were  designed  [3].  SPICE2  circuit  simulations 
were  performed  on  this  test  circuit  to  determine  the 
validity  of  this  analysis  and  demonstrate  the  precharge 
concept.  The  results  of  the  simulations  are  discussed  in 
more  detail  in  Chapter  VII. 

This  is  a  rough  approximation  analysis  of  the  delays 
associated  with  logic  gates  to  be  used  for  this  design  and 
is  only  intended  to  provide  the  reader  with  some  basic 
reference  information  to  more  easily  understand  the  nature 
of  the  delays  being  evaluated.  In  Figure  VI-1,  a  series 
logic  circuit  is  presented  composed  of  one  nand  gate  and  two 


inverters. 
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Figure  VI-1.  Delay  analysis  circuit. 

The  delays  referred  to  here  are  taken  from  SPICE2 
analyses  performed  by  Sommars  [31. 

The  delays  in  the  nand  gate,  as  the  inputs  change,  are: 

inputs:  0  volts  to  5  volts  -  1.0  nsec 

(output  goes  from  high  to  low) 

inputs:  5  volts  to  0  volts  -  1.0  nsec 

(output  goes  from  low  to  high) 

When  inputs  A  and  B  are  both  driven  high,  OOT1  is 
driven  low  and  OUT2  is  driven  high.  0UT1  experiences  a  1.0 
nsec  delay  before  it  reaches  its  final  low  value. 

The  delay  times  for  the  inverter  are: 

input:  0  volts  to  5  volts  -  0.15  nsec  (at  the  output) 
(output  goes  from  high  to  low) 
input:  5  volts  to  0  volts  -  0.25  nsec  (at  the  output) 
(output  goes  form  low  to  high) 

If  A  and  B  are  driven  low  then  OUT1  will  be  driven  to  a 
low  value  after  1.0  nsec,  OUT2  will  be  driven  high  after  a 


0.25  nsec  delay  and  OUT3  is  driven  low  after  an  additional 
delay  of  0.15  nsec.  The  total  delay  time  is  calculated  in 
equation  [1] : 

1.0  +  0.25  +  0.15  =  1.4  nsec  [1] 

If  A  and  B  are  driven  high  the  same  delay  time  is 
achieved  due  to  the  equal  rise  and  fall  times  for  the 
respective  gates.  Therefore  the  maximum  operating  frequency 
of  the  test  circuit  is: 

1/1.4  nsec  =  714  MHz  [2] 

If  precharge  was  implemented,  and  applied  to  OUT1,  then 
OUT2  and  OUT3  would  be  driven  low  and  high  respectively,  if 
nand  inputs  A  and  B  were  subsequently  driven  low,  driving 
the  output  of  the  nand  gate  high,  maximum  advantage  could  be 
taken  of  the  high  precharge  at  OUT1  and  the  only 
contribution  to  the  circuit  delay  time  would  be  the  nand 
transition  delay  (which  would,  theoretically,  be  reduced 
since  the  nand  wouldn't  necessarily  need  the  entire  1.0  nsec 
to  drive  the  OUT1  node  high  when  it  is  already  precharged 
high),  since  the  precharge  signal  would  have  already  "set 
up"  the  circuit.  Therefore  the  overall  circuit  delay  would 
be  reduced  by  0.4  nsec  and  the  operating  frequency  would  be: 

1/1.0  =  1000  MHz  [3] 

Therefore,  with  the  nand  output  driven  high  by  inputs  A  and 
B,  a  40%  increase  in  operating  speed  could  be  achieved  by 


precharging  the  0UT1  node.  However,  if  the  nand  inputs 
drive  the  output  low  after  it  has  been  precharged,  then  OUT1 
will  be  driven  from  a  high  precharged  level  to  a  low  level, 
0UT2  will  be  driven  high  from  a  low  level  and  OUT3  will  be 
driven  low  from  a  high  level.  The  only  delay  reduction  that 
occurs  for  this  scenario  is  the  reduction  in  transition 
delay  in  the  second  inverter,  since  0UT3  will  be  driven  low 
from  a  high  level  and  in  an  inverter,  a  high  to  low 
transition  takes  0.15  nsec  and  the  low-to-high  transition 
takes  0.25  nsec  in  an  inverter.  The  total  delay  is  reduced 
by  only  0.1  nsec,  from  1.4  nsec  to  1.3  nsec,  and  a  maximum 
operating  frequency  of  769  MHz,  a  7%  increase  in  operating 
frequency. 

If  each  output,  OUT1  through  OUT3  were  precharged  on 
phase  one  of  the  clock,  even  if  the  output  of  the  nand  were 
driven  low,  a  gain  in  speed  would  be  achieved  since  OUT2 
would  already  be  high  and  OUT2  would  not  have  to  wait  for 
the  inverter  delay.  The  delay  would  then  be  reduced  by  the 
0.25  nsec  savings  incurred  by  the  precharge.  The  maximum 
operating  frequency  would  then  be: 

1/1.15  nsec  =  869  Mhz  [4] 

Therefore,  a  21%  increase  in  operating  frequency  could  be 
achieved  with  the  addition  of  the  precharge.  This  method  is 
only  valid  for  alternating  inversion  of  signals  within  the 
combinational  logic.  This  situation  occurs  frequently 
within  common  combinational  circuits  and  can  be  taken 


advantage  of  by  the  circuit  designer  by  applying  precharge 
techniques.  This  is  the  method  by  which  the  nodes  within 
the  bitslice  were  selectively  precharged.  If  all  of  the 
nodes,  0UT1,  0UT2  and  0UT3  are  precharged,  then  no  matter 
what  the  output  of  the  nand  gate  (either  high  or  low) ,  there 
will  always  be  at  least  a  minimum  time  savings  of  one 
transition  from  low  to  high  across  an  inverter,  either  INV1 
or  INV2. 

This  delay  approximation  can  be  performed  for  each 
possible  precharge  configuration  that  could  be  applied  to 
the  test  circuit. 

This  analysis  provided  the  baseline  from  which  the 
results  of  the  SPICE  simulations  of  the  test  circuit, 
Memory/ALU  bitslice  circuit  elements  and  the  bitslice  were 
interpreted. 

B.  Modified  ALU  Bitslice 

The  detailed  design  of  the  precharge  implementation  was 
performed  in  three  steps.  First,  the  lines  to  be  precharged 
were  selected.  For  simulation,  two  precharge  configurations 
were  used,  the  bitslice  with  ten  internal  nodes  precharged 
and  the  bitslice  with  four  nodes  precharged.  The  two 
configurations  were  chosen  to  determine  the  best  approach  to 
precharging  the  bitslice  based  on  the  results  of  the  test 
circuit  simulation.  The  bitslice  was  divided  into  three 
sections  and  each  section  was  simulated  independently.  The 
simulations  and  results  are  presented  in  more  detail  in 


Chapter  VII.  Secondly,  the  layout  of  the  circuit  was 
determined  to  minimize  wasted  space,  although  this  is  not 
critical  for  this  application  and  simulation,  and  remain 
within  the  established  design  rules.  The  third  step  was  the 
active  implementation  of  the  circuit  using  CMOS/SOS  library 
cells  developed  by  Sommars  [3].  The  CLL  layouts  of  the 
internal  precharge  circuit  for  each  bitslice  precharge 
configuration  are  shown  in  Figure  VI-2.  Some  redesign  of 
Sommars'  ALU  was  required  to  permit  SPICE  simulation  and  to 
correct  deficiencies  in  design. 
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Ten  transmission  gates  are  required  for  the  internal 
precharge  circuit  of  the  first  approach  and  four 
transmission  gates  are  required  for  the  second  precharge 
approach.  A  single  transmission  gate  is  required  for  each 
precharge-  line.  Therefore,  to  precharge  more  lines  the 
designer  need  only  add  more  transmission  gates. 

The  output  precharge  circuit  is  more  complex  since  it 
is  based  on  the  output  line  being  pulled  down  to  ground  or 
left  at  a  high  level  depending  on  the  value  of  the  data  on 
the  output  line.  This  precharge  scheme  causes  the  output  of 
the  ALU  to  be  inverted  for  each  line  that  is  precharged.  If 
the  output  from  the  ALU  is  high,  the  precharged  output  line 
will  be  grounded.  If  it  is  low,  the  output  line  will  remain 
high.  The  advantage  of  the  precharge  applied  here  is  that, 
although  they  are  inverted,  the  outputs  from  the  ALU  are 
realized  more  quickly,  since  all  the  output  lines  are 
charged  high  and  only  the  high  data  outputs  will  cause  any 
type  '  c  delay  when  the  precharged  line  is  grounded  through 
the  low  impedance  transmission  gates  to  ground.  This 
precharge  approach  is  typically  used  for  high  capacitance 
lines  and  is  recommended  by  Ullman  [24],  A  CLL  layout  of 
the  output  precharge  circuit  is  shown  in  Figure  VI-3. 

This  circuit  was  not  used  in  the  circuit  simulations, 
since  analysis  of  delays  in  long  high  capacitance  lines  was  not 
the  primary  purpose  of  this  thesis. 


I 


The  first  bitslice  schematic  diagram  is  shown  in  Figure 
VI-4  and  the  associated  CLL  layout  is  shown  in  Figure  VI-5. 
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Figure  VI-4.  ALU  Bitslice  Schematic  Diagram  [3]. 


Figure  VI-5.  ALU  Bitslice  CLL  Layout. 

The  ALU  bitslice  schematic  diagrams  with  the  precharge 
circuit  implemented  for  the  ten  node  and  four  node  precharge 
configurations  are  presented  in  Figure  VI-6. 


Figure  VI-7a.  CLL  layout  of  Ten  node  precharge  bits lice. 


1  I  I  !  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


I  I  I 


Inverter  Gate  (Slow  and  Fast  types) 

2  Input  NAND  Gate 

3  Input  NAND  Gate 

4  Input  NAND  Gate 
Transmission  Gate 


-  2  Input  NOR  Gate 

-  Double  Buffer 

Second,  the  elements  were  layed  out  to  minimize  the 
area  used  and  remain  within  the  imposed  design  rules. 
Third,  the  circuits  were  implemented  using  the  available 
NMOS  CAD  design  tools  and  required  CMOS/SOS  library  cells. 

The  following  circuit  elements  were  designed: 

-  Two  4  Bit  Registers 

-  Read/Write  Controller 

-  ALU  Bitslice  input  Controller 

-  2x4  Decoder 

-  4x4  Bit  Static  Random  Access  Memory  (RAM) 

1.  Register  Design 

Two  different  size  registers  were  required.  The  A 
register  received  data  first  when  data  is  read  from  the 
memory  to  be  processed.  Data  is  read  from  memory  and  stored 
in  the  A  regsister  on  phi  1  of  a  two  phase  clock.  On  phi  2 
of  the  same  system  clock  cycle  the  data  is  retained  in  the  A 
register  and,  on  the  next  phi  1,  data  is  read  into  the  B 
register.  On  the  next  phi  2  pulse  the  data  from  both 
registers  is  read  into  the  ALU  for  manipulation.  To 
properly  time  this  process  the  A  register  is  designed  twice 
as  large  as  the  B  register  so  the  data  it  contains  may  be 
retained  throughout  another  read  cycle  as  data  is  read  into 
the  B  register.  Both  registers  are  composed  of  transmission 
gates  to  isolate  the  signals  and  inverters  on  which  the 
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signal  is  stored  temporarily  as  it  is  passed  between 


register  layers.  A  register  select  signal  controls  the 
direction  to  where  the  read  data  is  stored.  The  schematic 
diagram  for  the  A  register  is  shown  in  Figure  Vi-8  and  the 
associated  CLL  layout  in  Figure  VI-9.  The  third  and  fourth 
layers  of  the  register  reverse  the  signal  connections 
required  to  pass  the  signal  between  layers  since  during  this 
time  data  is  being  read  into  the  B  register  and  the  register 
select  line  will  be  selecting  register  B.  A  schematic 
diagram  and  CLL  layout  of  the  B  register  are  shown  in 
Figures  VI-10  and  VI-11  respectively. 
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Figure  VI-8.  A  register  schematic 
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Figure  VI-10.  B  register  schematic 
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Figure  VI-11.  CLL  Layout  of  B  Register 


2.  Read/Write  Controller 


The  Read/Write  Controller  determines  in  which 


direction  data  is  transferred  to  or  from  the  4x4  bit  RAM. 
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Data  is  written  to  the  memory  on  phi  2  and  when  the 
read/write  line  is  high.  Data  must  be  available  on  the  data 
input  lines  DO  -  D3.  Both  the  inverted  and  non-inverted 
data  values  are  written  into  the  memory  cells.  Data  is  read 
from  the  memory  on  phi  2  when  the  read/write  line  is  low. 
Data  is  read  only  from  the  non-inverted  data  line  of  the 
memory  cell.  The  schematic  diagram  for  this  circuit  is 
shown  in  Figure  VI-12. 


dataO  dataO  datal  3"a"tal  data2  <3ata2  data3  data3 


AO/BO  dataO  Al/Bl  datal  A2/B2  data2  A3/B3  data3 


phi2  — •  *—  R/W 


Figure  VI-12.  Read/Write  Controller  schematic  diagram. 


A  CLL  layout  of  the  Read/Write  Controller  is  shown  in  Figure 
VI-13. 
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Figure  VI-13.  CLL  layout  of  Read/Write  Controller, 


3 .  ALU  Input  Control ler 

The  commands  to  the  ALU,  SO  -  S3  must  be 
applied  only  after  the  data  has  been  read  from  memory  into 
the  A  and  B  registers  (or  just  the  A  register  -  depending  on 
the  function  to  be  performed).  The  input  commands  SO  -  S3 
are  passed  into  this  circuit  on  phi  2  and  when  register 
select  goes  low,  indicating  that  data  is  being  read  into  the 
B  register,  passed  along  in  the  A  register  and  eventually 
out  of  both  registers,  the  command  is  passed  into  the  ALU. 
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Figure  VI-15.  ALU  Input  Controller  CLL  layout. 


4.  4x4  Bit  Random  Access  Memory  (RAM) 

The  memory  is  composed  of  the  vertical  and  horizontal 
iterations  of  a  basic  six-transistor  static  memory  cell  that 
is  shown  in  Figure  VI-16. 


The  operation  of  the  cell  is  based  on  back-to-back  inverters 
connected  in  a  flip-flop  configuration.  Whenever  data  is  to 
be  written,  the  row  select  is  set  high  and  the  data  on  the 
data  line  and  the  data  bar  line  is  applied  to  their 
respective  inputs  of  the  flip-flop.  This  data  remains 
available  on  the  flip-flop  indefinitely,  may  be  read  at  any 
time  and  does  not  require  refresh  (i.e.  a  static  memory 
cell)  . 

The  CLL  layout  for  the  static  memory  cell  is  shown  in 
Figure  VI-17.  This  cell  is  iterated  sixteen  times  to 
generate  the  4x4  bit  memory. 


Figure  VI-17.  Single  Bit  Memory  Cell  CLL  layout. 

5.  2x4  Decoder 

The  2x4  memory  row  decoder  provides  the  row 
select  signal  to  the  row  of  memory  cells  that  is  read  from 
or  written  to.  The  schematic  diagram  of  the  circuit  is 
shown  in  Figure  VI-18  and  a  CLL  layout  in  Figure  VI-19. 
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Figure  VI-18.  2x4  Decoder  schematic  diagram. 
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C.  ALU/ Memory  Bitslice  Precharge 

The  ALU/Memory  was  precharged  in  accordance  with  the 
previously  presented  precharge  schemes.  For  this  project, 
the  chip  elements  that  were  precharged  were  the  one  bitslice 
of  the  ALU,  the  2x4  row  decoder,  the  A  and  B  registers  and 
the  4x4  bit  RAM. 

To  effectively  isolate  the  interconnections  between 
chip  elements  and  to  precharge  selected  lines  efficiently, 
transmission  gates  were  used  on  the  inputs  and  outputs  of 
each  chip  element.  Signals  are  passed  on  alternating  phases 
of  a  two  phase  clock. 

The  bitslice  was  precharged  as  outlined  in  Secton  B  and 
the  decoder  was  precharged  as  shown  in  Figure  VI-20. 
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Figure  VI-21  shows  the  CLL  layout  of  the  decoder  circuit. 


Figure  VI-21.  2x4  Precharged  Decoder  Circuit. 


The  only  change  to  the  basic  RAM,  in  addition  to  one 
transmission  gate  for  each  of  the  four  data  lines,  was  the 
addition  of  inverters  on  the  data  output  lines  to  the 
registers  to  isolate  the  precharge  on  the  output  lines.  If 
this  isolation  did  not  occur,  the  data  lines,  of  the 
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The  registers  were  precharged  on  their  outputs  only 
using  one  transmisiion  gate  for  each  output  line.  The 
schematic  diagrams  and  CLL  layouts  for  each  register  are 


presented  in  Figures  VI-24  through  VI-26. 
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Figure  VI-24.  Precharged  A  &  B  register  schematic, 


Figure  25.  CLL  layout  of  Precharged  B  register. 


VI-25 


Figure  VI-26.  CLL  layout  of  precharged  A  register. 
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The  Memory/ALU  Bitslice  design  presented  here 
demonstrated  a  practical  application  to  at  least  a  part  of 
Sommars*  ALU,  offered  a  larger  circuit  in  which  to 
demonstrate  the  technique  of  precharging,  and  demonstrated 
the  application  of  precharging  to  an  existing  circuit  (ALU 
bitslice)  and  newly  designed  circuits  (2x4  decoder  and 
RAM).  The  decoder,  RAM  and  the  registers  were  selected  as 
candidates  for  precharge  since  these  elements  are 
traditonally  slow  devices.  Memory  and  other  storage 
elements  have  slow  access  times  and  are  in  most  need  of 
speed-up  technique  application.  The  ALU  input  controller 
and  read/write  controller  were  composed  primarily  of 
transmission  gates  used  as  pass  elements,  and  were  not  good 
candidates  for  precharge  application. 

To  conclude  this  chapter  a  detailed  schematic  diagram 
of  the  Memory/ALU  Bitslice  chip  circuit  is  shown  in  Figure 
VI-27. 
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VII.  Simulation  Results  Analysis 

This  chapter  reviews  the  results  of  the  simulations 
performed  on  the  test  circuit  presented  in  Chapter  VI,  the 
newly  designed  circuit  elements  of  the  Memory/ALU  Bitslice 
circuit  and  the  first  bitslice  of  the  ALU  previously 
designed  by  Sommars  [3]. 

The  intent  of  this  simulation  was  to  determine  the 
validity  of  the  precharging  concept  as  a  legitimate  method 
of  speeding  up  circuit  operation,  to  demonstrate  the  use  of 
precharging  in  both  newly  designed  and  already  existing 
circuit  elements,  and,  given  a  specific  circuit  to  speed-up, 
how  to  most  effectively  precharge  the  circuit. 

Experience  was  gained  on  an  incremental  basis  as  more 
simulations  were  performed  on  the  different  circuits. 

Since  the  design  of  many  of  the  circuit  elements  was  in 
process  and  modifications  to  the  bitslice  circuit  were  being 
considered  in  conjunction  with  the  performance  of  the 
initial  test  circuit  simulations,  the  precharged  circuit 
element  designs  and  the  precharged  bitslice  implement 
precharging  in  accordance  with  the  results  of  those  initial 
simulations. 

Specific  constraints  were  established  for  the 
simulations  to  evaluate  circuit  precharge  performance  and 
for  standardizing  the  inputs  and  outputs  of  the  circuits. 
These  criteria  are  discussed  in  the  following  section. 


A.  Simulation  Scenario  Evaluation  Criteria 


Simulations  were  performed  for  each  test  circuit 
configuration,  each  newly  designed  Memory/ALU  bitslice 
circuit  element  except  the  A  shift  register,  and  each 
bitslice  section.  Each  circuit's  inputs  were  selected  to 
generate  an  output  high-to-low  transition  for  one  simulation 
and  an  output  low-to-high  transition  for  the  other 
simulation.  This  illustrated  the  effect  of  precharging  on 
both  high  and  low  transitioning  signal  levels.  Tran¬ 
sitioning  input  waveforms  were  used  to  enhance  delay 
analysis . 

A  2  nsec  precharge  pulse  width  was  selected  since 
simulations  on  the  individual  gates  demonstrated  that  they 
switched  on  the  order  of  2  nsec,  and  thus  this  was 
considered  a  valid  precharge  pulse  width  based  on  the 
expected  operating  speed  of  the  circuits  under  simulation. 
The  precharge  pulse  was  applied  to  selected  nodes  without 
isolating  the  nodes  from  the  rest  of  the  circuit.  There  is 
an  advantage  gained  by  applying  precharge  in  this  fashion  to 
the  active  circuit.  Since  the  precharge  occurs  when  the 
circuit  becomes  active,  the  requirement  to  isolate  the 
individual  gates/circuit  elements  when  nodes  are  precharged 
is  reduced.  In  this  way,  most  transmission  gates  required 
for  isolation  could  be  eliminated,  thus  saving  space  on  the 
chip. 

For  purposes  of  simulation,  the  precharge  pulse  was 
delayed  (from  the  start  of  the  input  signal  sequences)  by  4 


nsec  and  "straddled"  the  5  nsec  transition  point  of  the 


input  waveforms.  This  insured  that  the  precharge  was 
available  when  the  circuit  became  active.  It  was  not 
intended  to  simulate  an  actual  phase  1  signal  of  a  two-phase 
clock. 

The  varying  input  levels  insured  a  varying  output  that 
illustrated  the  effects  of  high-to-low  and  low-to-high 
transition  gate  delays  for  purposes  of  analysis.  The  input 
signals  sequences  are  shown  in  Figure  VII-1.  The  first 
signal  level  (1  or  0)  began  at  0  nsec  and  lasted  for  5  nsec 
where  it  transitioned  to  either  high  or  low,  lasted  10  nsec 
and  then  transitioned  back  to  its  original  value  for  25 
nsec,  for  a  total  signal  time  of  40  nsec.  The  same  time 
frames  for  the  precharge  and  input  pulses  were  used  for  each 
simulated  circuit  configuration  to  permit  direct  comparison 
of  results. 

1st  Simulation 
( Identical 
010  nand 
inputs) 


2nd  Simulation 
(Identical 
101  nand 
inputs) 


Precharge 


Time(nsec)  0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  --  40 


Figure  VII-1.  Test  circuit  input  waveforms. 
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All  input  waveforms  were  "ideal"  with  no  delays 
(instanteous  level  transitions).  This  simplified  the  delay 
analysis.  Circuit  delays  for  each  simulated  circuit  were 
determined  with  respect  to  the  ideal  input  waveforms  as  they 
transition  from  high-to-low  or  low-to-high  at  the  5  nsec 
point.  For  this  analysis,  all  the  circuit  delays  presented 
are  measured  with  respect  to  the  5  nsec  ideal  transition 
point  on  the  time  scale. 

For  purposes  of  delay  evaluation,  "valid"  high  and  low 

signal  level  thresholds  were  established.  For  a  signal  that 

was  transitioning  from  low-to-high,  the  delay  was  determined 

as  the  time  required  for  the  signal  to  reach  3.75  volts  DC 

measured  from  the  5  nsec  ideal  time  point  on  the  time  axis 

of  the  SPICE  waveform  plot  (0  to  75%  V  output  signal 

max 

swing).  For  a  signal  that  was  transitioning  from  low-to- 

high,  the  delay  was  determined  as  the  time  required  for  the 

signal  to  reach  1.25  volts  DC  measured  from  the  5  nsec  point 

on  the  time  axis  of  the  SPICE  waveform  plot  (100%  to  25% 

V  output  signal  swing), 
max 

SPICE  simulation  data  are  provided  in  Appendix  A,  B  and 
C  for  the  test  circuit  configurations,  the  Memory/ALU 
Bitslice  circuit  elements  and  the  sections  of  the  bitslice 
respectively. 

Also  included  in  the  appendices,  for  each  simulated 
circuit  configuration,  is  a  numbered  node  cifplot  and 
SPICE/mextra  node  cross  reference  provided  to  aid  the  reader 
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in  following  this  analysis  and  for  future  duplication  of  the 
simulations  presented  in  this  thesis. 

B.  General  Observations 

Some  general  observations  can  be  made  from  review 
of  the  SPICE  data. 

The  2  nsec  precharge  pulse  is  clearly  visible  on  many 
of  the  waveform  plots  as  a  high  transitioning  spike  around 
the  5  nsec  point  on  the  time  axis.  In  many  cases  the  pulse 
fails  to  cause  the  circuit  to  switch  because  the  circuit  was 
active  (beginning  to  perform  its  function,  based  on  the 
input),  at  the  time  the  pulse  was  applied.  The  output 
waveforms  display  the  effect  of  the  precharge,  both  when  it 
is  suppressed  (circuit  trying  to  reach  0  volts)  and  also 
when  the  waveform  is  transitioning  high  after  the  precharge 
has  been  applied. 

In  order  to  provide  an  adequate  precharge  pulse  to  the 
selected  precharge  nodes,  oversized  transmission  gates  were 
used  to  provide  enough  current  to  precharge  the  nodes.  This 
was  accomplished  by  increasing  the  gate  widths  of  the 
transmission  gate  PMOS  and  NMOS  devices. 

Simulations  were  performed  using  different  widths  for 
the  transmission  gates.  The  cases  where  the  widths  were 
increased  shows  a  considerable  increase  in  the  strength  of 
the  precharge  pulse  as  it  was  applied  to  the  different 
nodes.  Simulations  were  performed  using  gate  widths  two, 
three  and  four  times  the  width  of  the  basic  transmission 
gates  designed  by  Sommars. 


The  test  circuit  simulations  were  performed  with 
transmission  gates  four  times  the  basic  gate  width,  and  the 
chip  elements  and  bitslice  sections  were  simulated  using 
gate  widths  of  one,  two  and  three  times  the  basic  gate 
widths.  These  simulations  were  performed  to  demonstrate 
that  when  a  sufficiently  large  current  pulse  could  be 
provided,  the  precharge  method  did  indeed  precharge  the 
specific  nodes  as  desired.  However,  due  to  the  capacitance 
of  interconnect  wiring,  addition  of  precharge  circuitry  can 
slow  the  circuit  down.  This  effect  can  be  eliminated  if  the 
circuitry  is  laid  out  with  short  wiring  runs  and 
consideration  is  given  to  insuring  sufficiently  large 
transistor  sizes  within  the  precharge  circuit. 

C.  Test  Circuit  Simulation 

The  test  circuit  described  in  Chapter  VI  was 
composed  of  a  single  nand  gate  and  two  inverters  in  series. 
This  test  circuit  was  implemented  with  the  CMOS/SOS  gates 
available  in  Sommars'  library.  The  test  circuit  simulations 
were  performed  to  demonstrate  the  basic  technique  of 
precharging,  to  determine  its  impact  on  positive  and 
negative  signal  transitions,  and  from  these  results 
determine  a  methodology  for  applying  precharging  to  circuits 
in  general.  The  results  of  these  initial  simulations  were 
applied  to  the  Memory/ALU  Bitslice  circuit  element  and 
Bitslice  section  simulations.  Twelve  separate  simulations 
were  performed  on  the  test  circuit.  Two  initial  simulations 


(one  for  a  high-tolow  signal  transiton  and  the  other  for  a 
low-to-high  signal  transition)  were  run  on  the  circuit, 
before  any  precharging  techniques  were  applied,  to  establish 
a  baseline  to  which  the  other  simulation  results  could  be 
compared.  Three  nodes  were  available  for  precharge 
application,  the  output  of  the  nand  gate,  the  output  of  the 
first  inverter  and  the  output  of  the  second  inverter.  The 
remaining  ten  simulations  selectively  precharged  these 
outputs  individually  or  in  combinations. 

For  the  test  circuit,  the  inputs  to  the  nand  gate  were 
selected  to  provide  a  low-going  pulse,  101,  at  the  output 
(identical  nand  inputs  of  010)  for  the  first  simulation  and 
to  provide  a  high  going  pulse  010  at  the  output  (identical 
nand  inputs  of  101)  for  the  second  simulation.  The 
outputs  from  the  nand  and  both  inverters  were  monitored  and 
plotted  for  each  SPICE  simulation.  On  each  waveform  plot, 
the  nand  output  is  depicted  by  the  equal  sign  (=)  waveform, 
the  first  inverter  output  by  the  plus  sign  (+)  waveform  and 
the  second  inverter  output  by  the  asterisk  (*)  waveform.  Of 
primary  interest  is  the  second  inverter  output  waveform. 
Since  this  is  the  final  circuit  output  it  suffers  from  the 
total  circuit  delay  generated  by  the  circuit  and  is  the 
signal  provided  to  subsequent  circuits  or  circuit  elements 
in  a  more  complex  circuit  configuration. 

1 .  Basic  Test  Circuit 

The  SPICE  simulation  data  is  provided  on  pages  A-3 
through  A-7  of  Appendix  A. 
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The  delays  associated  with  the  input  signals'  first 
transition  for  this  circuit  simulation  are  presented  in 
Table  VII-1. 


Table  VII-1 

Basic  Test  Circuit  Delays 


Nand  Inputs  Nand 


Output 

(nsec) 


First  Inverter 


Output 

(nsec) 


Second  Inverter 


Output 
(nsec) 


2 .  Precharqing  Nand  Output 

The  delaytimes  presented  in  Table  VII-2  were 
determined  from  the  SPICE  waveform  data  in  Appendix  A,  pages 
A-8  through  A-12. 


Table  VII-2 

Test  Circuit  Delays  with  Precharcred  Nand  Output 


Nand  inputs  Nand  First  Inverter  Second  Inverter 


Output  Output  Output 

(nsec)  (nsec)  (nsec) 


Results 


The  nand  output  high-to-low  transition  delay  is 
increased,  which  substantially  delays  the  transition  for 
each  subsequent  gate  output.  The  nand  output  low-to-high 


VI 1-8 


transition  delay  is  reduced  by  1.0  nsec,  which  causes  an 
earlier  transition  in  each  subsequent  gate,  when  compared  to 
the  basic  test  circuit. 


3 .  Precharging  First  Inverter  Output 

The  SPICE  data  for  this  circuit  simulation  is 
provided  in  Appendix  A,  pages  A-13  through  A-17.  The  delay 
times  of  interest  to  this  analysis  are  presented  in  Table 
VI 1-3 . 


Circuit 

Delays  - 

Table  VII-3 

Precharged  First 

Inverter  Output 

Nand  Inputs 

Nand 

First  Inverter 

Second  Inverte; 

Output 

Output 

Output 

(nsec ) 

(nsec) 

(nsec ) 

010 

3.0 

1.5 

O 

• 

CN 

101 

2.0 

3.5 

4.5 

Results 

The  nand  output  high-to-low  transition  delay  is 
increased  while  the  transition  times  are  reduced  for  both 
inverter  outputs.  The  nand  output  low-to-high  transition 
delay  and  each  subsequent  gate  output  transition  times  are 
all  increased. 
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4.  Precharging  Second  Inverter  Output 

The  SPICE  data  for  this  circuit  simulation  is 
provided  in  Appendix  A,  pages  A-18  through  A-22.  The  delay 
times  for  the  circuit  are  presented  in  Table  VI 1-4. 


Table  VI 1-4 

Circuit  Delays  -  Precharged  Second  Inverter  Output 

Nand  Inputs  Nand  First  Inverter  Second  Inverter 
Output  Output  Output 

(nsec)  (nsec)  (nsec) 

010  2.5  3.5  9.0 

101  1.5  2.5  5.5 

Results 

For  the  nand  output,  high-to-low  transition,  the  first 
inverter  output  shows  a  0.5  nsec  delay  increase,  while  the 
second  inverter  output  delay  increases  by  5.0  nsec,  as 
compared  to  the  basic  test  circuit. 

For  the  nand  output  low-to-high  transition  delay,  the 
nand  and  first  inverter  outputs  occur  at  the  same  time  as 
for  the  basic  test  circuit,  however  the  second  inverter 
output  transition  time  is  increased  by  2.5  nsec. 

Examination  of  the  extracted  circuit  parameters,  used 
in  the  SPICE  simulation,  shows  that  the  addition  of  the 
precharge  circuitry  to  the  output  of  the  second  inverter 
increased  the  load  capacitance  by  a  factor  of  seven,  thus 
slowing  down  the  transitions  greatly. 


5 .  Precharging  Nand  and  First  Inverter  Outputs 


The  SPICE 

data  for  this 

simulation  is  provided 

in  Appendix  A, 

pages  A- 

-23  through  A- 

27.  The  circuit  delays 

are  presented 

in  Table 

VI 1-5 . 

Table  VI 1-5 

Circuit  Delays 

-  Precharged  Nand  and 

First  Inverter  Outputs 

Nand  Inputs 

Nand 

First  Inverter  Second  inverter 

Output 

Output 

Output 

(nsec) 

(nsec) 

(nsec) 

010 

5.5 

6.5 

7.5 

101 

0.5 

3.0 

4.0 

Results 

The  precharge  increases  the  delay  for  the  nand  output 
high-to-low  transitioning  signal  which  then  degrades  the 
transition  time  for  both  subsequent  inverters.  Although  a 
1.0  nsec  delay  reduction  is  achieved  at  the  nand  output  for 
its  low-to-high  transitioning  signal,  both  the  first  and 
second  inverter  output  delays  increase  by  0.5  and  1.0  nsec 
respectively,  due  to  the  detrimental  effect  of  the  precharge 
on  the  first  inverter  output  high-to-low  transition. 

6 .  Precharging  Nand  and  Second  Inverter  Outputs 
The  SPICE  data  for  this  circuit  simulation  is 
provided  in  Appendix  A,  pages  A-28  through  A-32.  The 
circuit  delays  are  presented  in  Table  VII-6. 
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Table  VI 1-6 


Precharged  Nand  and  Second  Inverter  Output 


Nand  Inputs 

Nand 

Output 

(nsec) 

First  Inverter 
Output 
(nsec) 

Second  Inverter 
Output 
(nsec) 

010 

5.5 

6.0 

11.5 

101 

0.5 

1.5 

3.5 

Results 

The  nand  output  high-to-low  transition  delay  and  hence 
the  subsequent  inverter  transition  times  are  significantly 
increased  by  the  application  of  precharge.  The  nand  output 
low-to-high  transition  delay  is  reduced  and  hence  the  first 
inverter  outputs  also.  However,  in  spite  of  the  precharge 
signal,  a  0.5  nsec  delay  increase  is  evidenced  at  the  output 
of  the  second  inverter  due  to  the  previously  mentioned  large 
capacitance  load  created  at  the  circuit  output  by  the 
particular  precharge  interconnection. 


Overall  Results 

As  already  discussed,  the  output  of  the  second  inverter 
is  of  primary  interest.  If  its  delay  can  be  reduced,  by 
reducing  the  delays  of  the  gates  affecting  that  node,  then 
the  overall  speed  of  the  circuit  can  be  increased. 

The  second  inverter  output  delays  are  presented  again 
together  in  Table  VII-7.  The  respective  increases  or 


decreases  in  delay  times  are  shown  as  percentages. 


Three  elements  of  the  Memory/ALU  Bitslice  circuit 
were  simulated;  the  decoder,  the  B  register,  and  a  single 
static  RAM  cell.  The  data  from  the  SPICE  simulations  for 
each  of  these  elements  is  provided  in  Appendix  B. 


1.  2x4  Decoder  Simulation 


Three  decoder  configurations  were  simulated, 
the  basic  decoder  to  establish  a  baseline  for  comparison, 
the  decoder  with  precharge  of  each  nand- inverter 
interconnect  line,  and  the  decoder  with  precharge  of  each 
output  line.  Three  output  lines  were  monitored  for  each 
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simulation.  On  the  SPICE  waveforms,  the  00  selected  line 
is  represented  by  the  asterisk  (*),  the  11  selected  output 
line  is  represented  by  the  plus  (+)  sign,  and  the  01 
selected  output  line  is  represented  by  the  equal  (=)  sign. 

The  inputs  to  the  decoder  are  identical  010  pulses. 
Onlyone  simulation  was  performed  for  each  configuration, 
since  the  00  and  11  select  lines  are  monitiored  and  the  010 
inputs  cause  a  high-to-low  and  a  low-to-high  transiton  on 
the  same  SPICE  output  plot. 

The  010  input  waveform  is  of  the  same  format  as 
presented  in  the  sample  waveforms  in  Figure  VII-1. 

A  010  input  to  each  decoder  input  corresponds  to  a 
selection  of  the  00  output  line,  then  the  11  output  line, 
and  then  the  00  output  line  again. 

For  each  simulation,  the  01  and  10  output  line  should 
remain  constantly  low  for  all  the  simulations  since  the 
input  never  causes  either  one  to  be  selected.  For  the 
decoder  simulations  it  can  be  seen  that  the  01  output  line 
was  constantly  low,  indicating  that  the  decoder  operated 
correctly  for  non-selected  lines,  based  on  the  decoder 
input,  since  the  line  was  never  selected  (never  went  high). 

For  the  precharge  configurations,  simulations  were 
performed  for  precharge  transmission  gate  device  widths 
using  the  basic  widths,  and  two  and  three  times  the  basic 
widths.  The  intent  is  to  show  the  effect  of  a  deficiency  of 
current  (narrow  width  transmission  gate)  and  increasingly 
larger  current  precharge  pulses  (wider  gate  transistors)  on 


VI 1-14 


the  effectiveness  of  the  precharge  technique.  In  the 
tables,  results  from  circuits  using  transmission  gates 
transistors  with  these  dimensions  are  represented  by  xl 
(times  1),  x2  (times  2)  and  x3  (times  three)  respectively. 

a.  Basic  Decoder  Simulation 

( Re f er  to  Figures  B-(>) 

To  determine  decoder  delay  times,  the  analysis 
was  performed  by  first  observing  the  transition  of  the 
output  lines  as  the  two  decoder  inputs  changed  from  00  to  11 
(based  on  an  input  sequence  of  010  at  both  inputs).  After 
the  decoder  input  changes  to  11  at  the  5  nsec  point,  the  11 
selected  output  line  reaches  the  3.75  volt  minimum  value  at 
the  9.0  nsec  point.  The  00  output  line  achieves  the  1.25 
volt,  non-selected  condition  at  the  9.0  nsec  point.  This 
data  is  tabulated  in  Table  VI 1-8. 

Table  VI 1-8 
Basic  Decoder  Delays 

High-to-Low  Low-to-High 

Inputs  Delay  Delay 

010  4.5  nsec  4.0  nsec 

b.  Precharged  Decoder 

(Refer  to  Figures  B-4  through  B-10) 

Two  different  precharge  configurations  were 
simulated  to  determine  the  best  approach  to  precharging  the 
decoder.  These  simulation  results  demonstrate  the  need  to 
carefuly  select  the  nodes  to  be  precharged  within  individual 
circuits  and  circuit  elements. 
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L.  Precharged  Decoder  (Internal  nodes) 
(Refer  to  Figures  B-4  through  B-6) 


The  application  of  precharge  at  the 
internal  node  between  the  nand  gates  and  the  inverters 
causes  the  outputs  of  all  the  select  lines  to  be  driven  low 
after  the  precharge.  This  accounts  for  the  output  node 
high-to-low  transition  delay  reduction  for  the  x2  and  x3 
gate  widths  data  presented  in  Table  VII-9.  The  original 
transmission  gate  transistor  size  does  not  produce  an 
appreciable  reduction  in  transition  delay.  The  low-to-high 
output  transition  is  degraded  due  to  the  precharge  causing 
the  outputs  to  be  pulled  low  during  the  first  part  of  the 
input  signal. 


Table  VII-9 


Precharged  Decoder  ( Internal  node)  Delays 


Input 


010 


Decoder  Output  Transition  Delay 


High-to-Low  Low-to-High 


xl 

x2 

x3 

xl 

x2 

x3 

4.0 

3.5 

2.5 

7.5 

7.5 

00 

• 

o 

2.  Precharged  Decoder  (Output  Nodes) 

(Refer  to  Figures  B-8  through  B-10) 

This  precharge  configuration  degrades  the 

performance  of  the  high-to-low  transitioning  waveform, 

however,  this  is  not  a  serious  drawback,  since  it  is  a 

"high"  select  decoder.  The  low-to-high  transition  delay  is 

reduced  by  1.5  nsec  in  the  best  case,  and  by  0.5  nsec  in  the 

worst  case,  when  compared  to  the  basic  decoder  delay 


results.  The  results  are  presented  in  Table  VII-10. 


Table  VII-10 

Precharged  Decoder  (Output  Nodes)  Delay 

High-to-Low  Low-to-High 

Input  Decoder  Output  Transition  Delay 


xl 

x2 

x3 

xl 

x2 

x3 

5.0 

5.0 

5.0 

4.0 

3.5 

3.0 

2 .B  Register  Simulation 

(Refer  to  Figures  B-ll  through  B-16) 

a.  Basic  B  Register 

(Refer  to  Figure  B-12) 

For  the  basic  B  register,  the  output 
lines  float  until  5.5  nsec  after  the  input  signal 
transitions  (input  finally  propagates  to  output),  then 
gradually  approach  their  final  values.  However,  the 
monitored  high  signal  output  line  fails  to  reach  the 
minimum  3.75  volt  level  and  the  low  signal  output  line  fails 
to  reach  the  1.25  volt  level.  Instead,  the  high  driven 
output  reaches  a  maximum  value  of  3.6  volts  at  11.5  nsec 
after  the  input  signal  transition  and  the  low  driven  output 
reaches  a  minimum  of  1.35  volts  at  11.5  nsec  after  the  input 
signal  transitions.  The  B  register  fails  to  operate 
correctly,  but  the  effective  signal  delays  (time  to  reach 
maximum/minimum  values)  will  be  used  for  comparison  to  the 
precharged  register  configuration  delays.  These  effective 
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delays  are  tabulated  in  Table  VII-11. 


Input 

1 

0 


Table  VII-11 
B  Register  Delays 


High-to-Low 

Delay 


Low-to-High 

Delay 


11.5  nsec 


11.5  nsec 


b.  Precharged  B  Register 

(Refer  to  Figures  B-14  through  B16) 

The  circuit  fails  to  operate  correctly 
after  the  precharge  is  applied,  however  the  effecs  of  the 
precharge  are  clearly  visible  on  the  waveform  plot,  the 
precharge  favors  the  low-to-high  transitioning  signal.  The 
delay  (actual  and  effective)  results  are  presented  in  Table 
VI 1-12 . 

Table  VI 1-12 


Input 


Precharged  B  Register  Delays 

Delay 


xl 

x2 

x3 

1 

12.0 

11.5 

7.5 

0 

12.0 

12.0 

12.0 

3.  RAM  Cell  Simulation 

(Refer  to  Figures  B-17  through  B-26) 

The  ram  cell  was  not  simulated  directly,  since 

simulation  of  the  flip-flop  itself  would  have  been 

necessary  and  would  have  unnecessarily  complicated  the 


precharge  simulation.  The  precharge  of  the  RAM  cell  was  set 
up  as  a  precharge  of  the  "data"  line  and  was  designed  to 
take  place  only  during  a  read  of  the  data,  when  data  is  read 
from  the  "data"  line  of  the  memory  cell.  With  cascaded 
cells,  making  up  the  entire  4x4  memory,  the  data  lines  are 
common  to  all  the  RAM  cells.  To  precharge  the  data  line  on 
a  read  of  the  memory,  isolation  of  the  precharged  node  is 
required  to  prevent  the  indescr iminate  writing  of  a  high 
data  signal  into  the  flip-flop  memory  cells,  due  to  the 
precharge,  when  a  specific  row  of  the  memory  was  selected. 
Therefore  isolation  inverters  were  added  to  the  data  lines 
of  the  RAM.  These  inverters  limit  the  precharge  to  only  the 
data  line  outputs. 

The  simulation  of  the  memory  was  limited  to  a  single 
cell  with  an  isolation  inverter  attached  to  its  data  line 
output.  The  simulation  of  the  cell  entailed  application  of 
a  signal  to  the  inverter  input  and  a  precharge  of  the 
inverter  output.  This  represented  a  selection  of  the  cell 
on  a  memory  read,  the  flip-flop  data  being  output  to  the 
data  line  andthedata  signal  propagating  to  the  isolation 
inverter  output.  Therefore,  the  only  delay  being  simulated 
was  that  across  the  isolation  inverter. 

The  4x4  memory  supplies  data  to  the  A  and  B  registers. 
Since  the  isolation  inverters  inverted  the  data  signal  from 
the  flip-flop,  memory  cells,  the  registers  were  designed  to 
account  for  this  inversion. 


For  the  precharge  configurations,  the  precharge 
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simulations  were  performed  for  the  basic  device  width 
transmission  gate,  and  widths  two  and  three  times  the  basic 
width.  In  the  tables,  these  widths  are  represented  by  xl, 
x2  and  x3  respectively. 

a.  Basic  RAM  Cell 

(Refer  to  Figure  B-17  through  B-19) 

A  010  waveform,  as  presented  in  Figure 
VII-1,  was  applied  to  the  data  line  of  the  RAM  cell  driving 
a  101  output  waveform  at  the  output  of  the  inverter.  Then  a 
101  input  was  applied  driving  a  010  at  the  output  of  the 
inverter.  The  delays  are  presented  in  Table  VI 1-13. 

TABLE  VII-13 
Basic  RAM  Cell  Delays 


Input 

Delay 

010 

5.5  nsec 

101 

5.5  nsec 

b.  Precharged  RAM  Cell 

(Refer  to  Figures  B-20  and  B-26) 

When  the  output  transitions  from  high-to-low, 
a  delay  increase  results  when  the  precharge  is  applied. 
When  the  output  transitions  from  low-to-high,  the  transition 
delay  is  reduced  by  0.5,  1.5  and  2.5  nsec  respectively  for 
the  original,  2x  and  3x  widths  of  the  transmission  gate 
devices.  Again  the  effectiveness  of  precharging  is 
increased  when  the  transmission  gate  transistors  are  large 
enough  to  supply  an  appreciable  amount  of  current. 


TABLE  VI 1-14 


Precharged  RAM  Cell  Delays 

Delay 


Input 

xl 

x2 

x 3 

010 

6.0 

6.0 

• 

o 

101 

o 

• 

in 

4.0 

3.5 

These  simulations  indicate  the  following: 

-  Precharging  can  enhance  the  operation  of  a 
circuit,  i.e.  more  clearly  define  high  and  low  signal  levels 

-  The  results  of  precharging  must  be  carefully 
analyzed  to  determine  if  it  has  any  effect  on  the  circuit  to 
which  it  was  applied,  i.e.  the  basic  RAM  cell  circuit 
displayed  no  positive  or  negative  effects  of  precharging  for 
the  original  size  transmission  gate,  but  did  show  an  effect 
as  the  transmission  gate  transistors  were  increased  in  size, 
allowing  a  greater  precharge  current  pulse. 

-  Selection  of  the  nodes  to  which  precharge  is 
applied  is  critical,  i.e.  as  displayed  by  the  two  different 
decoder  precharge  configurations.  One  circuit  displayed  a 
marked  enhancement  in  operation  while  the  other  precharged 
circuit  displyed  degraded  operation  due  to  the  difference  in 
the  nodes  that  were  precharged. 
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I 


i  I  • 
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D.  ALU  Bits  1 ice  Simulation 

Simulation  of  the  entire  bitslice  was  attempted  but 
failed.  The  simulator  produced  error  statements.  The 
reason  for  the  failure  was  not  determined.  However, 
incrementally  increased  circuit  size  simulations  that  were 
performed  by  adding  portions  of  the  bitslice  circuit 
(individual  gates),  indicated  that  SPICE  was  not  capable  of 
simulating  a  circuit  that  was  comprised  of  more  than 
thirteen  gates.  As  an  alternative  simulation  approach,  the 
bitslice  was  divided  into  three  separate  sections.  The 
bitslice  design  provided  three  independent  sections  that 
were  tested  for  high  and  low  transitioning  output  waveforms. 

Two  different  precharge  configurations  were  simulated 
on  the  bitslice  sections.  In  the  first,  all  the  nodes 
selected  were  internal  to  the  individual  sections,  this 
included  four  nodes  in  the  first  section,  two  nodes  in  the 
second  section  and  four  nodes  in  the  third  section.  In 
the  second  simulation,  the  precharged  nodes  were  the 
respective  outputs  of  each  section.  Thus  only  two  nodes  in 
the  first  section,  one  node  in  the  second  section,  and  one 
node  in  the  third  section  were  precharged.  Simulations 
using  the  basic  transmission  gate  transistor  width,  a 
transmission  gate  with  a  2x  transistor  width  and  a  3x 
transistor  width  were  perf oormedThe  SPICE  simulation  data 
are  provided  in  Appendix  C.  Numbered  node  cifplots  and  node 
cross  reference  list  are  also  provided  in  the  appendix.  For 
the  bitslice  section  simulations,  the  input  waveforms  are  of 
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the  same  format  as  presented  in  Figure  VII-1  and  the  3.75 
volt  and  1.25  volt  levels  apply  to  high  and  low 
transitioning  output  signals. 

Simulation  of  the  sections  of  the  bitslice  completes 
the  basic  testing  of  the  precharge  concept,  since  the  test 
circuit  was  a  series  combination  of  gates  and  the  bitslice 
sections  offer  parallel  combinations  of  the  gates. 

To  clearly  follow  this  analysis,  the  reader  will  need 
to  refer  to  the  appendix. 

1.  First  Section  Simulation 

The  first  section  of  the  bitslice  requires 
eight  inputs  to  operate: 

A  -  operator 
B  -  operator 

PHI 1  -  Phase  1  Transmission  gate  pass  signal 
PHI1BAR  -  Inverse  of  PHI1 
SO  ->  S3  -  ALU  Control  Inputs 

For  these  simulations  these  inputs  had  the  following 
values : 

Table  VI 1-15 

Section  1.  Simulation  Input  Values 
A  -  010/101 
B  -  000 
PHI 1  -  111 
PHI1BAR  -  000 
SO  -  000 
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si  -  000 


52  -  111 

53  -  111 


Two  simulations  were  performed,  one  for  A  =  101  and  the 
other  with  A  =  010.  The  ALU  control  signals  S0-S3  caused 
these  inputs  to  produce  outputs  of  010  and  101  (the  inverse 
of  whatever  A  was)  respectively.  The  same  outputs  existed 
at  each  of  the  two  section  1  output  nodes.  Although  the 
outputs  from  each  node  were  logically  the  same,  they  were 
not  identical  since  one  output  came  from  a  two-input  nand 
gate  and  one  came  from  a  three-input  nand  gate.  The  two 
different  input  sequences  for  A  insured  both  high  and  low 
transitioning  waveform  outputs  for  comparison  and  analysis. 
On  each  SPICE  waveform  output,  the  two-input  nand  output  is 
represented  by  the  asterisk  (*)  waveform  and  the  three-input 
nand  output  is  represented  by  the  plus  sign  (+)  waveform. 

The  A  input  did  not  conform  exactly  to  the  waveforms 
of  Figure  VII-1  for  these  simulations.  Instead  of  waiting 
for  5  nsec  for  a  change  from  high-to-low  or  low-to-high,  the 
signal  transitions  at  0  nsec  on  the  time  axis.  The  input  was 
modified  in  this  manner  since  initial  SPICE  waveform  outputs 
indicated  that  the  delays  associated  with  the  first  section 
caused  an  approximate  5  nsec  delay  before  a  section  one 
output  waveform  transition  and  the  output  waveform  exceeded 
the  40  nsec  total  simulation  time  before  reaching 
equilibrium  when  the  standard  5  nsec  delay  waveform  was  used 
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as  input.  To  encompass  the  entire  waveform  the  inputs  had 
to  be  provided  at  an  earlier  timeframe  during  the 
simulation.  The  precharge  pulse  was  maintained  at  the  same 
time  frame  (4  to  6  nsec).  The  standard  precharge  pulse  was 
maintained  since  the  5  nsec  internal  circuit  delay  of  the 
first  section  permitted  the  precharge  pulse  to  coincide 
directly  with  the  output  waveform  transition  when  the  5  nsec 
delay  on  the  inputs  was  eliminated. 

The  result  of  this  earlier  application  of  the  A  input 
is  that  the  transitions  from  low-to-high  or  high-to-low 
occur  slightly  earlier  than  the  5  nsec  time  point  which  had 
been  characteristic  of  the  previous  simulation  waveforms. 

For  the  precharge  configurations,  simulations  were 
performed  with  the  basic  transmission  gate,  and  the 
transmission  gate  with  its  device  widths  two  and  three 
times  the  widths  of  the  basic  transmission  gate  device 
widths.  These  are  represented  by  xl,  x2  and  x3  respectively 
in  the  Data  Table  VI 1-16. 

a.  Basic  First  Section 

(Refer  to  Figures  C-3  and  C-4) 

For  a  010  input  for  A,  the  expected  output 

is  a  101  at  both  monitored  output  nodes.  The  2-input  nand 

gate  output  is  high,  then  begins  its  transition  to  a  low 

threshold.  It  achieves  the  1.25  volt  threshold  afterll.O 

nsec.  The  3-input  nand  output  achieves  the  1.25  volt 

threshold  after  7.5  nsec. 

For  a  101  A  input,  a  010  output  was  expected.  The  2- 
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input  nand  output  reaches  the  3.75  volt  threshold  after  10.5 
nsec  and  the  3-input  nand  output  fails  to  reach  the 
threshold  and  reaches  a  maximum  of  2.55  volts  afterll.5 
nsec . 

b.  First  Section  Precharged  at  Two  Output  Nodes 
(Refer  to  Figures  C-7  tKrough  C-12 ) 

For  an  A  input  of  010,  both  the  two  and  the 
three  input  nand  outputs  achieve  the  1.25  volt  threshold  for 
the  simulations. 

For  a  101  A  input,  the  two-input  nand  output  achieves 
the  3.75  volt  threshold  for  each  simulation,  however  the 
three-input  nand  output  only  achieves  the  threshold  for  the 
simulation  with  transmission  gate  device  widths  three  times 
the  width  of  the  basic  transmission  gate. 

c.  First  Section  Precharged  at  Four  internal  Nodes 
(Refer  to  Figures  C-15  through  C-20) 

For  an  A  input  of  010,  both  outputs  achieve  the 
established  1.25  volt  threshold. 

For  a  101  A  input,  the  two-input  nand  achieves  the  3.75 
volt  threshold,  but  the  three-input  nand  still  fails  to 
achieve  the  threshold  for  all  the  simulations. 

Table  VII-16  summarizes  the  delays  for  the  first 
section  of  the  bitslice. 
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Table  VI 1-16 


*• 


A  Input 


First  Bitslice  Section  Delays 

Output  Delays 

Pre-  2-Input  Nand/ 3-Input  Nand 

charge 

xl  x2  x3 


010  none  6. 0/2. 5 

101  none  5. 5/ 6. 5 


010  2  nodes  -  12.5/9.5  13.0/10.0  13.0/10.0 

101  2  nodes -  10.5/11.5  8.5/11.5  6. 5/7.0 


010  4  nodes -  10.5/7.5  9. 0/6. 5  8. 5/7. 5 

101  4  nodes  -  13.0/11.5  13.0/11.5  13.5/11.5 


2.  Second  Section  Simulation 


The  second  bitslice  section  had  only  two 
inputs  and  was  the  least  complex  of  the  sections.  One  input 
was  held  at  a  constant  high  for  each  simulation  while  the 
other  was  varied  to  obtain  a  high  and  a  low  transitioning 
output  waveform.  The  values  are  presented  in  Table  VI 1-17. 
Refer  to  Figures  C-21  and  C-22  in  Appendix  C. 

Table  VII-17 
Section  2  Inputs 

VIN1  -  111 

VIN2  -  010/101 


These  simulation  inputs  conform  to  those  specified  in 
Figure  VII-1. 


a .  Basic  Second  Section 

(Refer  to  Figures  C-23  and  C-24) 

With  input  01 0,  the  expected  output  was  101.  The  output 
reaches  the  1.25  volt  threshold  after  6.0  nsec. 
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For  input  101,  the  waveform  reaches  the  3.75  volt 
threshold  after  6.5  nsec. 

b.  Second  Section  Precharged  at  One  Output  Node 
(Refer  to  Figures  C-27  through  C-32) 

For  inputs  of  010  and  101  the  outputs 
achieve  the  established  1.25  and  3.75  volt  thresholds.  The 
low-to-high  delays  are  reduced  and  the  high-to-low 
transition  delays  are  increased. 

c.  Second  Section  Precharged  at  Two  Internal  Nodes 
(Refer  to  Figures  035  through  040) 

For  010  and  101  inputs,  the  output  waveforms  also 
achieve  the  threshold  voltages.  However,  the  precharge 
reduces  the  delay  of  the  high-to-low  transition  in  this 
precharge  configuration,  since  the  precharge  of  both  inputs 
to  the  two-input  nand  gate  drives  the  output  low  after  the 
precharge,  thereby  favoring  the  high-to-low  transition  and 
hindering  the  low-to-high  transition. 

Table  vii-18  tabulates  the  delays  each  of  these  circuit 
configurations . 


Table  VII-18 


Second  Bitslice  Section  Delays 


Input 

Precharge 

Output 

Delay 

010 

101 

none 

none 

6.0 

6.5 

xl 

x2 

010 

1  node 

— — —— 

7.5 

7.5 

101 

1  node 

- — 

6.0 

5.5 

010 

2  nodes 

— 

6.0 

4.5 

101 

2  nodes 

— 

9.5 

9.5 
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3 .  Third  Section  Simulation 

The  third  bitslice  section  had  three  inputs;  a 
carry  bit,  an  ALU  select  signal  and  the  input  from  the 
second  bitslice  section.  The  carry  signal  was  kept  constant 
at  zero,  the  select  signal  was  kept  at  a  constant  high  and 
the  third  input  was  varied  to  produce  a  transitioning 
waveform  at  the  circuit  output.  Table  VII-19  summarizes  the 
inputs.  Refer  to  Figures  C-41  and  C-42  in  Appendix  C. 


Table  VII-19 

Bitslice  Third  Section  Inputs 

Carry  -  000 
Select  -  111 
VIN1  -  010/101 

The  expected  output  is  101  for  a  VIN1  *  010  and  010  for 
VIN1  »  101.  VIN1  conforms  to  the  waveforms  presented  in 
Figure  VII-1. 

a.  Basic  Third  Section 

(Refer  to  Figures  C-43  and  C-44) 

For  a  010  input,  the  output  reaches  the  1.25  volt 
threshold  after  7.0  nsec. 

For  a  101  input,  the  output  reaches  the  3.75  volt 
threshold  after  6.5  nsec. 


b.  Third  Section  Precharged  at  One  Output  Node 


(Refer  to  Figures  C-47  through  C-52) 

For  a  010  input,  the  output  delays  are  all  increased 
by  at  least  1.5  nsec. 

For  a  101  input,  the  output  delay  is  initially 
increased  for  the  xl  case,  but  is  reduced  by  0.5  nsec  in  the 
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x3  case 


c.  Third  Section  Precharged  at  Four  Internal  Nodes 
(Refer  to  Figures  C-55  and  C-6ti) 

For  the  010  input,  all  cases  reflect  an  output  delay 
increase  of  3.5  nsec. 

For  an  input  of  101,  the  output  delay  is  initially 
increased  by  2.5  nsec  for  the  xl  case,  but  is  reduced  by  1.5 
nsec  for  the  x3  case  when  enough  current  is  supplied  to  the 
node  during  precharge. 


Table  VII-20 

Third  Section  Bitslice  Delays 


Input  Precharge 


010 

none 

101 

none 

010 

1  node 

101 

1  node 

010 

4  nodes 

101 

4  nodes 

E.  Results  Summary 


Output  Delay 


xl 

x2 

x3 

8.5 

8.5 

9.0 

8.5 

7.5 

6.0 

10.0 

10.5 

10.5 

9.0 

7.0 

5.0 

The  results  of  these  simulations  indicate  the 


following: 


Precharge  reduces  the  circuit  delay  when 
applied  to  nodes  that  are  transitioning  from  a  low  to  a  high 
level . 


Precharge  has  a  negative  effect  when  applied  to 
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nodes  where  the  signal  level  is  transitioning  from  high-to- 
low. 


Precharge  can  be  applied  to  both  series  and 
parallel  combinational  circuits. 

In  circuits,  such  as  the  logic  high  select 
decoder,  the  detremental  effect  of  the  precharge  on  the 
high-to-low  transition  is  not  a  serious  drawback,  since  the 
decoder  operates  only  on  high  select  ( low-to-high) 
transitions.  Circuits  such  as  the  decoder,  and  other  "high 
only"  type  circuits,  would  benefit  from  precharge 
application. 

-  The  effect  of  the  precharge  at  a  node,  is 
dtermined  by  the  amount  of  current  that  is  applied  to  the 
node  during  the  precharge. 

-  Nodes  considered  for  precharge  application  must 
be  carefully  selected  to  prevent  degradation  of  circuit 
operation. 
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VIII.  Conclusions  and  Reccommendations 

A.  Conclusions 

The  intent  of  this  thesis  was  to  investigate  and 
generate  a  single  reference  document  of  techniques  to  speed¬ 
up  electronic  circuit  operation,  select  a  specific  technique 
that  could  be  applied  to  CMOS/SOS  technology,  apply  the 
technique  to  existing  and  new  CMOS/SOS  circuit  designs,  and 
through  simulation,  determine  if  the  technique  actually 
speeds  up  the  operation  of  the  circuit  to  which  it  was 
applied,  and  subsequently  determine  a  methodology  for 
applying  the  technique  to  circuits  in  general. 

When  reviewing  the  circuit  simulations,  it  should  be 
emphasized  that,  overlapping  the  precharge  pulse  with  the 
input  signal  transition  is  not  an  accurate  reflection  of  the 
standard  two-phase  clocking  used  in  CMOS  circuit  design  at 
AFIT.  This  experimental  approach  insured  that  the  precharge 
pulse  would  be  available  at  the  time  of  input  signal 
transition  and  eased  analysis  and  evaluation  of  the 
precharge  technique. 

1.  Activities  Performed 

The  following  activities  were  performed  during  this 
thesis : 

-  Data  was  collected  on  known  circuit  speed-up 
techniques . 


-  Precharging  (  a  specific  speed-up  technique)  was 


evaluated  to  determine  if  it  applied  to  CMOS/SOS  circuits 
and  if  it  increased  circuit  operating  speed,  since  it  was 
the  most  commonly  used  method  in  the  literature  for  speeding 
up  circuits. 

-  To  expand  the  AFIT  CMOS/SOS  technology  base,  a 
chip  circuit  was  designed,  using  Sommars'  CMOS/SOS  library, 
that  made  use  of  the  first  bits  lice  of  his  ALU  and  required 
the  design  and  development  of  additional  circuit  elements . 

-  Precharging  was  applied  to  the  bitslice,  and  some 
of  the  newly  designed  circuit  elements. 

-  SPICE  circuit  simulation  was  performed  on  a  test 
circuit,  the  bitslice  and  the  newly  designed  circuit 
elements . 


-  Through  the  simulations,  precharging  was  applied 
to  indivdual  circuits  and  the  effects  of  the  precharge  were 
determined. 


2  .  Circuit  Simulation  Conclusions 

The  following  conclusions  were  drawn  from  the 
circuit  simulations  performed: 

-  Precharging  reduced  the  delays  of  signals  that 
were  transitioning  from  low  to  high. 

-  Increased  output  delay  occurs  when  consecutive 
levels  of  inversion,  e.g.  the  outputs  of  two  series 
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inverters,  are  both  precharged. 


Precharge  can  increase  the  signal  delay  at  a 
node  when  the  node  is  subsequently  driven  low  by  circuit 
function. 

Poor  selection  of  candidate  precharge  nodes 
can  have  a  detremental  effect  on  circuit  operating  speed. 

-  It  is  difficult  to  determine  which  nodes  within 
a  circuit  to  precharge  to  obtain  the  maximum  benefits  of 
precharge  application. 

-  The  results  of  precharging  must  be  carefully 
analyzed  to  determine  the  effect  on  the  circuit  to  which  it 
was  applied.  The  addition  of  precharge  circuitry  increases 
the  capacitance  of  the  nodes  to  which  the  precharge  is 
applied  due  to  the  capacitance  of  the  interconnect  wiring. 
To  insure  the  effectiveness  of  the  precharge,  a  sufficient 
amount  of  current  must  be  applied  to  the  selected  nodes  to 
overcome  this  increase  in  capacitance. 

-  Since  it  is  difficult  to  determine  which 
precharge  approach  to  use,  either  precharging  internal  nodes 
or  by  charging  only  circuit  outputs,  then  it  is  essential 
that  circuits  under  consideration  for  precharge  application 
be  simulated  using  SPICE  or  some  other  method  to  determine 
the  optimum  approach. 
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3 .  Suggested  Precharge  Approach 

The  following  procedure  is  recommended  if  a  circuit  is 
being  considered  as  a  subject  for  precharge  application: 

-  Select  candidate  precharge  nodes. 

-  Through  signal  analysis,  determine  the  signal 
levels  expected  at  the  candidate  nodes  during  normal  circuit 
operation. 


-  If  signals  are  predominantly  high  at  specific 
nodes,  then  these  nodes  should  be  considered  for  precharge. 
An  excellent  example  of  this  is  the  high  select  2x4  decoder 
designed  during  this  thesis. 

-  If  neither  high  nor  low  levels  dominate,  then 
perform  a  simulation  to  determine  the  effect  of  precharge 
and  apply  precharge  in  accordance  with  the  simulation 
results . 


-  Implement  one  transmission  gate  for  each  node  to 
be  precharged  and  determine  the  best  place  to  locate  the 
gates,  to  save  maximum  chip  area. 

4.  Special  Problems  Encountered 

In  addition  to  these  precharge  results,  several 
problems  were  encountered  with  some  of  the  tools  used  to 
prepare  the  SPICE  simulation  files. 
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-  SPICE  fails  to  simulate  a  circuit  consisting  of 
more  than  thirteen  gates. 

Available  SPICE  reference  documentation  is  not 
adequate,  especially  in  the  preparation  of  input  files. 

The  extractor,  Mextra,  fails  to  correctly 
calculate  the  capacitance  of  output  nodes  that  are  "floating 
poly",  and  some  other  node  capacitances  calculated  by  Mextra 
are  not  obvious  when  the  circuit  layout  is  examined. 

B .  Recommendations 

The  following  are  recommendations  for  future 
research  on  topics  related  to  this  thesis: 

-  Determine  why  the  extractor,  Mextra,  fails  to 
calculate  correct  capacitances  on  outputs  when  a  "floating" 
polysilicon  line  is  connected  and  research  the  algorithm  for 
other  node  capacitances  to  verify  correct  parameters  for 
SPICE  analyses. 

-  Investigate  the  operation  of  SPICE  and  determine 
its  limitations  for  circuit  simulation,  specif ical ly,  why  it 
simulates  only  a  limited  number  of  CMOS  gates 

-  Since  only  a  limited  analysis  was  performed 
during  this  thesis,  expand  the  analysis  and  apply 
precharge  to  more  advanced /complex  circuits 

-  Investigate  delays  in  large  capacitance  lines 


-  Investigate  the  impact  of  implementing  the  output 
precharge  circuit  described  in  chapter  4,  which  applies  to 
delay  reduction  in  high  capacitance  lines 

-  Simulate  the  entire  bitslice  circuit,  then 
simulate  Sommars'  entire  ALU  verifying  its  logical 
correctness 

-  Complete  the  chip  design  and  submit  the 
Memory/ALU  Bitslice  chip  fabrication  specifications,  and 
test  the  operation  of  the  chip  after  manufacture 

-  Fabricate  portions  of  the  bitslice  that  were 
enhanced  by  precharge  and  determine  the  impact  of  precharge 
on  an  actual  simple  circuit 

-  Fabricate  the  output  precharged  decoder  circuit 
and  the  basic  circuit  and  determine  the  effect  of 
precharging  on  the  circuit  through  physical  performance 
evaluation  of  the  circuit 

-  Precharge  the  ALU,  then  fabricate  both  the  basic 
and  precharged  configurations,  test  each  version  and  compare 
the  results 
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Appendix  A 

SPICE  analyses  data  are  presented  for  the  test  circuit 
discussed  in  Chapter  VI.  Five  different  precharge 
configurations  were  used  to  determine  the  basic  function  of 
precharging: 

a.  Precharge  only  the  Nand  output 

b.  Precharge  only  the  first  inverter  output 

c.  Precharge  only  the  second  inverter  output 

d.  Precharge  the  nand  output  and  the  first 

inverter  output  at  the  same  time 

e.  Precharge  the  nand  output  and  the  second 

inverter  output 

A  simulation  was  run  on  the  basic  test  circuit  to  act 
as  a  baseline  for  comparison  to  the  precharged 
configurations . 

There  were  two  simulations  run  for  each  test  circuit 
configuration.  The  first  was  with  identical  nand  input 
signals  pulsed  high  from  0  -  5NS,  low  from  5  -  15NS  and  high 
from  15  -  40NS,  The  second  simulation  inverted  the 
identical  inputs  to  the  nand  (low  -  high  -  low)  for  the  same 
time  frames.  A  standard  precharge  pulse  was  used  for  each 
configuration;  a  high  pulse  from  4NS  to  6NS  and  low  for  the 
remainder  of  the  simulation. 


To  evaluate  the  SPICE  simulation  data,  a  mextra/SPICE 
node  number  cross  reference  list  and  a  node  cifplot  are 
provided  for  each  test  circuit  configuration.  The  SPICE 


input  data  refers  to  SPICE  nodes  and  the  cifplot  refers  to 
mextra  nodes.  In  the  reference  list,  the  mextra  nodes  are 
in  the  first  column  and  the  corresponding  SPICE  nodes  are 
presented  in  the  second  column. 

The  waveform  plots  are  also  based  on  SPICE  reference 
nodes.  To  determine  which  node  is  being  monitored  for 
output,  look  at  the  ".PLOT"  line  of  the  input  listing,  find 
the  node  number  in  the  "V{  )"  expression  (there  may  be  more 
than  one  V()  expression,  since  multiple  node  output 
waveforms  can  be  plotted)  refer  to  the  node  list,  look  at 
the  right  column  and  find  the  number  you  retrieved  from  the 
input  listing.  Then  find  the  corresponding  mextra  node 
number  and  locate  this  node  on  the  circuit  node  cifplot. 
This  can  be  repeated  for  any  node  on  the  input  listing  or 
the  circuit  cifplot. 
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l******«ll/27/84  ««***»**  SPICE  2G.1  (15OCT80)  **»**»»* 1 8 :02 : 36"**** 

0  CMOS/SOS  TEST  CELL  CONFIGURATION 

0***«  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E 1 5  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  1  PMOS  L-5.0U  W-10.0U 

M2  7  6  0  0  NMOS  L-5.0U  W-15.0U 

M3  2  3  7  0  NMOS  L-S.0U  W-15.0U 

M4  8  9  0  0  NMOS  L-5.0U  W-15.0U 

M5  9  2  0  0  NMOS  L-5.0U  W-15.0U 

MG  1  9  8  1  PMOS  L-5.0U  W-30.0U 

M7  1  2  9  1  PMOS  L-5.0U  W-30.0U 

M8  1  6  2  1  PMOS  L-5.0U  W-10.0U 

C9  1  0  0.2PF 
C10  0  0  0.3PF 
Cl  1  2  0  0. 1PF 
C 1 2  9  0  0. 1PF 
C 1 3  8  0  0. 1PF 

V I N 1  6  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

VIN2  3  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

•TRAN  0.5NS  40NS 

.PLOT  TRAN  V( 8 )  V(9)  V<2>  <0V,5V> 
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Figure  A-2, 


SPICE  Waveform  Plot  of  Basic  Test 
Circuit  with  input  010. 
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SPICE  2G.1  (15OCT80) 


1 8  t02 : 47 


0  CMOS/SOS  TEST  CELL  CONFIGURATION 

0**«*  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0***.  *«»***  **.««*.**«*«•*.»*•«  **«*«*«*«.*«***«*»*,,***,,  ****»**«,, ,*»»«». 


***  SPICE  DECK  CREATED  FROM  TESTCELL . S IM ,  TECH=CMOS 

.WIDTH  OUT  =  80 

•OPTIONS  I TL 1=500  ITL5=0 

•MODEL  NMOS  NMOS:  (VT0=1V  TOX=75NM  UO=400  NSUB=2.5E16  LD=0.7UM) 
♦LEVEL* 1 

•MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB*3E15  LD=0.7UM) 
♦LEVEL* 1 
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V I N 1  G  0  PULSE  <5V  0V  5NS  0NS  0NS  10NS) 
VIN2  3  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS) 
•TRAN  0.5N3  40NS 

•PLOT  TRAN  V(0)  V(9)  V(2)  <0V,5V> 


I *•••*•*! 1/27/04  •*•*•**•  SPICE  2G.I  U50CT8 0>  •••*•*•• i 8 :»2 i 47 •*•• • 
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Figure  A-3.  SPICE  Waveform  Plot  Of  Basic 
Test  Circuit  with  Inputs  101 


Figure  A-4.  Node  Plot  of  Test  Circuit  Precharged 
at  the  Nand  Output. 

Table  A- 2 

PP.ECHARGE  NANO  OUTPUT  ONLY  -  NODE  REFERENCE  LIST 
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SPICE  2G.1  < 1 5OCT80 > 


23:57:40 


0  CMOS/SOS  TEST  CELL  PRECHARGE  HAND  OUTPUT  -  INPUT  010  -  STANDARD  04, P2 
0****  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 

****«*«*••. .*.**.*...». *..*..*****.,* ••...*•*•***.***.***..«„••..„ 


.WIDTH  OUT *80 

•OPTIONS  ITL1-S00  ITLS-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E1S  LD-0.7UM) 
♦LEVEL-1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL* 1 

VDD  1  0  DC  5V 

•Ml  1  3  2  0  NMOS  L-5.0U  W-5.0U 
M2  1  3  5  0  NMOS  L-5.0U  W-20.0U 
•M3  2611  PMOS  L-5.0U  W-10.0U 
M4  5  6  1  1  PMOS  L-5.0U  W-40.0U 
M5  1  7  5  1  PMOS  L-5.0U  W-10.0U 
M6  10  9  0  0  NMOS  L-5.0U  V* 1 5 . 0U 
M7  10  7  5  0  NMOS  L-5.0U  W-15.0U 
M8  0  12  II  0  NMOS  L-5.0U  W* I  5 - 0U 
M9  0  5  12  0  NMOS  L=5.0U  W*15.0U 
M 1 0  1  12  11  1  PMOS  L-5.0U  W-30.0U 
Mil  1  5  12  1  PMOS  L-5.0U  W-30.0U 
M 1 2  1951  PMOS  L-5.0U  W-10.0U 
C 1 3  1  0  0.425PF 
C 1 4  0  0  0.305PF 
C 1 5  5  0  0.243PF 
C 1 6  12  0  0. 109PF 
C  1  7  11  0  0. 1PF 
•C 1 8  2  0  0.68PF 

V I N 1  7  0  PULSE  (0V  5  V  5NS  0NS  0NS  10NS) 

V I N2  9  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS ) 

VP1  3  0  PULSE  (0V  5V  4NS  0NS  0NS  2NS ) 

VP 2  6  0  PULSE  (5V  0V  4NS  0NS  0NS  2NS> 

.TRAN  0.5NS  40NS 

•  PLOT  TRAN  V(ll)  V(12)  V  <  5  )  (0V.5V) 


SPICE  2C.1  { 1 5OCT80 I 


23  1 57  t  40' 
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9  CHOS/SOS  TEST  CELL  PRECHARCE  NANO  OUTPUT  -  INPUT  0\0  -  STANDARD  D4.P2 
0*«*«  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  DEG  C 
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Figure  A-5. 


SPICE  Waveform  Plot  of 
Nand  Output  with  input 


Precharged 

010. 


1»*«****1 1/27/84  •****«*«  SPICE  2G.1  (15OCT80)  *«**»***23 : 57 : 23*«*** 

0  CMOS/SOS;  TEST  CELL  PRECHARGING  ONLY  THE  NAND  OUTPUT 

0***»  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT  =  80 

.OPTIONS  I TL 1=500  ITL5=0 

.MODEL  NMOS  NMOS  (VT0=1V  TOX=75NM  UO=400  NSUE=2.5E16  LD=0.7UM> 
+  L  EVEL  =  1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB*3E15  LD=0.7UM) 

+  L  EVEL  =  1 
VDD  1  0  DC  5V 

•Ml  1  3  2  0  NMOS  L=5.0U  W=5.0U 
M2  1  3  5  0  NMOS  L=5.0U  W=20.0U 
•M3  2  6  1  1  PMOS  L  =  5 . 00  W=10.0U 
M4  5  6  1  1  PMOS  L  =5 . 0U  W=40.0U 
M5  1  7  5  1  PMOS  L  =  5 . 0U  W=10.0U 
M6  10  9  0  0  NMOS  L=5.0U  W=15.0U 
M7  10  7  5  0  NMOS  L=5.0U  W=15.0U 
M8  0  12  11  0  NMC'S  L  =  5 . 0U  W=  1  5 . 0U 
M9  0  5  12  0  NMOS  L=5.0U  W=15.0U 
M 1 0  1  12  !1  1  PMOS  L  =  5 . 0U  W=30.0U 
Mil  1  5  12  1  PMOS  L  =5 . 0U  W=30.0U 
Ml  2  19  5  1  PMOS  L  =  5 . 0U  W=10.0U 
C 1 3  1  0  0.425PF 
C 1 4  0  0  0.305PF 
C 1 5  5  0  0.243PF 
C 1 6  1200. 109PF 
C 1 7  11  0  0. 1PF 

*C 1 8  2  0  0.68PF 

VIN1  7  0  PULSE  <5V  0V  5NS  0NS  0NS  10NS ) 

V I N  2  9  0  PULSE  <5V  0V  5NS  0NS  0NS  10NS> 

VP1  3  0  PULSE  !0V  5V  4NS  0NS  0NS  2NS  ) 

VP  2  6  0  PULSE  i E  V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V ( 1 1  )  V { 1 2 )  V<5>  !0V,5V> 

■  END 


,*a#*aaMJ/+7/84 


il  ICE  26 . 1  ( 150CT8B) 


23  «  57  t  23' 


B  CMOS/SOS  TEST  CELL  PRECHARGING  ONLY  THE  KAMO  OUTPUT 

0«**  +  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.00*  DEG  C 
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Figure  A-6.  SPICE  Waveform  Plot  of  Precharged 
Nand  Output  with  Inputs  101. 


Figure  A 


.  Node  Plot  of  Test  Circuit  Precharged 
at  First  Inverter  Output. 

Table  A-3 


’’RECHARGE  INVi  OUTPUT  ONLY  -  NODE  REFERENCE  LIST 


!«»«»***! 1/27/84  ********  SPICE  2G.I  (I5OCT80) 


23:59:47***** 


0  CMOS/SOS  -  PR.ECHARGE  INV1  ONLY  -  INPUT  010  -  STANDARD  D4,P2 

0****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0** *•••****•**.** **•****•••**»*****•**•***•****•***«*••*••*•**•*«»«•••• 


.WIDTH  OUT *80 

.OPTIONS  I TL 1=500  ITL5*0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX=75NM  UO=400  NSUB-2.5E1G  LD-0.7UM) 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  IVTO--1V  TOX»75NM  UO=200  NSUB*3E15  LD=0.7UM> 

♦LEVEL* 1 

VDD  I  0  DC  5V 

Ml  1320  NMOS  L=5.0U  W*20.0U 
M2  2  5  1  1  PMOS  L*5.0U  U*40.0U 
M3  1  7  6  1  PMOS  L *5 . 0U  W*10.0U 
M4  10  9  0  0  NMOS  L=5.0U  W=15.0U 
M5  10  7  6  0  NMOS  L*5.0U  W*15.0U 
MG  0  2  11  0  NMOS  L *5 . 0U  W=15.0U 
M7  0  6  2  0  NMOS  L=5.0U  W=15.0U 
M8  1  2  11  l  PMOS  L=5.0U  W=30.0U 
M9  1  6  2  1  PMOS  L=5.0U  W=30.0U 
M 1 0  19  6  1  PMOS  L  =  5 . 0U  W=10.0U 
C1I  1  0  0. 405 PF 

C 1 2  0  0  0.305PF 

C 1 3  6  0  0. 129PF 

C 1 4  2  0  0.248PF 

C 1 5  11  0  0. 1PF 

V I N 1  7  0  PULSE  <0V  5V  5 NS  0NS  0NS  10NS) 

VIN2  9  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  <0V  5V  4 NS  0NS  0NS  2NS  > 

VP 2  5  0  PULSE  CSV  0V  4NS  0NS  0NS  2NS ) 

•TRAN  0.5NS  40NS 

.PLOT  TRAN  V(ll)  V ( 2 )  V ( 6 )  (0V.5V) 


I*****—!  1/27/84  **••*•••  SPICE  ZC.l  < 15OCT80)  •**•••*•23  «  59 «  47»**** 

0  CMOS/SOS  -  PRECHARGE  INV1  ONLY  -  INPUT  fit  -  STANDARD  04. P2 

«*•••  TRANSIENT  ANALYSIS  TEMPERATURE  •  27.fff  DEC  C 
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Figure  A-8.  SPICE  Waveform  Plot  of  Precharged 
First  Inverter  with  Inputs  010. 


I* ******1 1/27/84  **«*•*«*  SPICE  2G.1  (15OCT80)  «**»»***23  s  59  :  34*  —  ** 

0  CMOS/SOS  -  P RECHARGE  INV1  ONLY  -  INPUT  101  -  STANDARD  D4.P2 

0**«*  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 


.WIDTH  OUT-80 

•  OPTIONS  ITU-500  ITLS-0 

.MODEL  NMOS  NMOS  IVTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 

•  LEVEL  =  1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-7SNM  UO-200  NSUB-3E 1 5  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-20.0U 

M2  2  5  1  1  PMOS  L-5.0U  W-40.0U 

M3  1  7  6  1  PMOS  L-5.0U  W-10.0U 

M4  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M5  10  7  6  0  NMOS  L-5.0U  W-15.0U 
M6  0  2  11  0  NMOS  L-5.0U  W-15.0U 
M7  0  6  2  0  NMOS  L-5.0U  V-15.0U 
M8  1  2  11  1  PMOS  L-5.0U  W-30.0U 
M9  1  6  2  1  PMOS  L-5.0U  W-30.0U 
M10  1961  PMOS  L-5.0U  W-10.0U 
Cll  1  0  0.405PF 
C 1 2  0  0  0.305PF 
C 1 3  60  0. 129PF 
C 1 4  2  0  0.248PF 
C 1 5  11  0  0. 1PF 

V I N 1  7  0  PULSE  (5V  0V  5NS  0NS  0NS  10NS) 

VIN2  9  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  <0V  5 V  4NS  0NS  0NS  2NS ) 

VP2  5  0  PULSE  (SV  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5N3  40NS 

•  PLOT  TRAN  V<11)  V<  2  >  VIS)  (0V.5V) 

•  END 


Figure  A-10.  Node  Plot  of  Test  Circuit  Precharged 
at  Second  Inverter  Output. 

Table  A- 4 

PRECHARGE  INVZ  ONLY  -  NODE  REFERENCE  LIST 


^♦•.•••H/28/84  ****»»«*  SPICE  2G.1  < 1 5OCT80 >  *»***»««00 .00 , 55*«*»* 

0  CMOS/SOS  PRECHARGE  INV2  ONLY  -  INPUT  0 10  -  STANDARD  D4.P2 

0**«*  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 


.WIDTH  OUT  =  80 

.OPTIONS  ITL 1=500  ITLS-0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX»75NM  UO*400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  <VT0=-1V  TOX-75NM  UO»200  NSUB-3E15  LD-0.7UM) 

♦LEVEL® 1 

VDD  1  0  DC  5V 

Ml  1320  NMOS  L*5.0U  W=20.0U 
M2  2  5  1  1  PMOS  L  =5 . 0U  W-40.0U 

M3  I  7  6  1  PMOS  L*5 . 0U  U=10.0U 

M4  10  9  0  0  NMOS  L-5.0U  V»15.0U 
M5  10  7  6  0  NMOS  L=5.0U  W=15.0U 
M6  0  11  2  0  NMOS  L-5.0U  W-15.0U 

M7  0  6  11  0  NMOS  L=S.0U  W*15.0U 

M8  1  11  2  1  PMOS  L=5.0U  W=30.0U 

M9  1  6  11  1  PMOS  L=5.0U  W-30.0U 

M10  1961  PMOS  L=5.0U  W*10.0U 
Cl  1  1  0  0.405PF 
C 1 2  0  0  0.305PF 
C13  6  0  0. 129PF 
C 1 4  11  00. 109PF 
C 1 5  2  0  0.77PF 

V I N 1  7  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

VIN2  9  0  PULSE  (0V  5V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  (0V  5V  4NS  0NS  0NS  2NS) 

VP 2  5  0  PULSE  !SV  0V  4NS  0NS  0NS  2NS ! 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V ( 2  >  V ( 1 1 )  V<6>  (0V.5V) 

.END 
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!•«••*••] 1/28/84  *•*•••*•  SPICE  ZC.I  U5OCT80)  i»# : 55****« 

0  CMOS/SOS  PRECHARGE  INVZ  ONLY  -  INPUT  010  -  STANOARD  04. P2 

0****  TRANSIENT  ANALYSIS  TEMPERATURE  »  27.000  DEC  C 
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Figure  A-ll.  SPICE  Waveform  Plot  of  Precharged 
Second  Inverter  with  Input  010. 
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.WIDTH  OUT *80 
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+LEVEL*1 
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+LEVEL=1 
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M2  2  5  1  1  PMOS  L=5.0U  W-40.0U 
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C 1 3  6  0  0. 129PF 
C 1 4  11  0  0. 109PF 
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•  PLOT  TRAN  V{ 2  >  V{ 1 1 )  V<6>  (0V,5V> 
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Figure  A-12.  SPICE  Waveform  Plot  of  Precharged 
Second  Inverter  with  Input  101. 
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Figure  A-13. 


Node  Plot  of  Test  Circuit  precharged 
at  Nand  and  First  Inverter  Outputs. 


Table  A-5 


PRECHARGE  NAND  AND  INV1  OUTPUTS  NODE  CROSS  REFERENCE  LIST 


E 


!«****«*! 1/28/84  «**»*«**  SPICE  2G.1  (15OCT80)  »******«00 : 02 : 1 1 


0  CMOS/SOS  -  PRECHARGE  NANO  AND  INV1  -  INPUT  010  -  STANDARD  D4.P2 
0**«*  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0* ************** <**»*********.«******»**,****»*»**»***»».»**,»»*»»*»*,*, 


.WIDTH  OUT=80 
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VDD  1  0  DC  5V 
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M5  1  7  5  1  PMOS  L=5.0U  W=10.0U 
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Figure  A-14.  SPICE  Waveform  Plot  of  Precharged  Nand 
and  First  Inverter  with  Inputs  010. 
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0  CMOS/SOS  -  PRECHARGE  NAND  AND  INV1  -  INPUT  101  -  STANDARD  D4.P2 
0«**»  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 
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•WIDTH  OUT-80 

.OPTIONS  ITL1-S00  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  V-20.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-20.0U 

M3  2  6  1  1  PMOS  L-5.0U  W-40.0U 

M4  S  6  1  1  PMOS  L-5.0U  W-40.0U 

M5  1  7  5  1  PMOS  L-S.0U  W-10.0U 

M6  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M7  10  7  5  0  NMOS  L-5.0U  W-1S.0U 
M8  0  2  11  0  NMOS  L-5.0U  W-1S.0U 
M9  0  5  2  0  NMOS  L-5.0U  W-1S.0U 
M10  12111  PMOS  L-5.0U  W-30.0U 
Mil  1  5  2  1  PMOS  L-5.0U  W-30.0U 
M 1 2  1951  PMOS  L-5.0U  W-10.0U 
C 1 3  1  0  0.452PF 
C 1 4  0  0  0.305PF 
C 1 5  5  0  0.243PF 
C 1 6  2  0  0.248PF 
C 1 7  11  0  0. 1PF 

VI N 1  7  0  PULSE  <5V  0V  5NS  0NS  0NS  10NS) 

VIN2  9  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS> 

VP1  3  0  PUlSE  (0V  5V  4NS  0NS  0NS  2NS  > 

VP 2  6  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V(U)  V(2>  V<5)  <0V,5V) 


. . 1 1/29/94  *••••••■  SPICE  26 . 1  I  1SOCT80)  . *00 .02 «02***** 

f  CMOS/SOS  -  PRECHARGE  NANO  ANO  IN VI  -  INPUT  1*1  -  STANDARD  D4.P2 
*•**•  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.6(0  DEG  C 

0* ********** ************************ ****** *******************  * ********** 
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Figure  A-15.  SPICE  Waveform  Plot  of  Precharged 

Nand  and  First  Inverter  with  Inputs 

101. 
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j»**»***H/28/84  ********  SPICE  2G .  I  ( 15OCT80)  -  —  *****00.07  s  47-**-* 

0  CMOS/SOS  TEST  CELL  PRECHARGE  INV2  AND  NAND  -  INPUT  010  -  STANDARD 
0**»*  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITLS-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

.MODEL  PMOS  PMOS  (VTO— IV  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-20.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-20.0U 

M3  2  6  1  1  PMOS  L-5.0U  W-40.0U 

M4  5  6  1  1  PMOS  L-5.0U  W-40.0U 

M5  1  7  5  1  PMOS  L-5.0U  W-10.0U 

M6  10  3  0  0  NMOS  L-5.0U  W-15.0U 

M7  10  7  5  0  NMOS  L-5.0U  W-15.0U 

M8  0  11  2  0  NMOS  L-5.0U  W-15.0U 

M3  0  5  11  0  NMOS  L-5.0U  W-15.0U 

M 1 0  11121  PMOS  L-5.0U  W-30.0U 
Mil  1  5  11  1  PMOS  L-5.0U  W-30.0U 
Ml  2  19  5  1  PMOS  L-5.0U  W-10.0U 
C 1 3  1  0  0.452PF 
C 1 4  0  0  0. 305 PF 
C 1 5  5  0  0.243PF 
C 1 6  11  00- 109PF 
C 1 7  2  0  0.77PF 

V I N 1  7  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS ) 

VIN2  9  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  (0V  5V  4NS  0NS  0NS  2NS ) 

VP2  G  0  PULSE  <EV  0V  4NS  0HS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

•  PLOT  TRAN  V(2)  V C 1 1 )  V<5)  <0V,5V> 

•  END 


A-29 


■  *  . 


■"  •*  •*  •*  #*  t*.  •*.  « ,  •  a,  •  *  •  **»*»'»*•*  »*«'  *  *  «  * 


V 

0 


1 1/28/84 


SPICE  26.1  <15OCTO0> 


'00i07«47' 


CMOS/SOS  TEST  CELL  PRECHARCC  INV2  AND  NANO  -  INPUT  010  -  STANDARD  04, P2 
!•••*  TRANSIENT  ANALYSIS  TEMPERATURE  -  27. 000  DEG  C 
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Figure  A-17.  SPICE  Waveform  Plot  of  Precharged 

Nand  and  Second  Inverter  with  Inputs 


I 
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SPICE  2G.1  ( 1 5OCT80 > 


00:03:08 


0  CMOS/SOS  TEST  CELL  PRECHARGE  INV2  AND  NAND  -  INPUT  101  -  STANDARD 
0***«  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 

j g*******************------*—***--  —  **-***  —  — 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E1S  LD-0.7UM) 
+LEVEL- 1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-7SNM  UO-200  NSUB-3E15  LD-0.7UM) 

+LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-20.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-20.0U 

M3  2  6  1  1  PMOS  L-5.0U  W-40.0U 

M4  5  6  1  1  PMOS  L-5.0U  W-40.0U 

M5  1  7  5  1  PMOS  L-5.0U  W-10.0U 

M6  10  9  0  0  NMOS  L-5.0U  W-1S.0U 

M7  10  7  5  0  NMOS  L-5.0U  W-15.0U 

M8  0  11  2  0  NMOS  L-5.0U  W-15.0U 

M9  0  5  11  0  NMOS  L-5.0U  W-15.0U 

M10  11121  PMOS  L-5.0U  W-30.0U 
Mil  1  5  11  1  PMOS  L-5.0U  W-30.0U 
Ml  2  19  5  1  PMOS  L-5.0U  W-10.0U 
C 1 3  1  0  0.452PF 
C 1 4  0  0  0.305PF 
C 1 5  5  0  0.243PF 
C 1 6  11  00. 109PF 
C 1 7  2  0  0.77PF 

V I N 1  7  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS > 

VIN2  9  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  (0V  5V  4NS  0NS  0NS  2NS  > 

VP 2  6  0  PULSE  (SV  0V  4NS  0NS  0NS  2NS ) 

.TRAC  0.5NS  40NS 

•PLOT  TRAN  V( 2 )  V(ll)  V(5)  <0V.5V> 


I 


11/28/84 


SPICE  26.1  ( 15OCT80 > 


'00 1 83  1 08' 


0  CMOS/SOS  TEST  CELL  PRECHAR6E  INV2  ANO  NANO  -  INPUT  101  -  STANDARD  D4.P2 
#••••  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  OCC  C 
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Figure  A-18.  SPICE  Waveform  Plot  of  Precharged  Nand 
and  Second  Inverter  with  Inputs  101. 


Appendix  B 

SPICE  analyses  of  the  Memory/ALU  Bitslice  circuit 
elements  selected  for  precharge  are  presented. 

The  elements  selected  for  precharge  were: 

a.  2x4  Memory  Row  Decoder 

b.  1-Bit  RAM  Cell 

c.  B  Register 

Two  simulations  were  run  on  each  element.  The  first 
input  was  a  high-low-high  (5NS  -  IONS  -  25NS)  varying  pulse 
waveform.  The  second  inverted  the  pulse  waveform  for  the 
same  time  periods. 

In  addition  to  the  two  basic  simulations,  the 
precharged  ram  cell  and  the  B  register  were  simulated  for 
transmission  gate  device  widths  of  two  and  three  times  the 
basic  transmission  gate  device  width.  This  required  four 
more  simulations  for  these  circuits  each. 

To  facilitate  evaluation  of  the  output  waveforms,  the 
node  reference  list  is  provided  for  each  circuit  element. 
The  left  column  provides  mextra  node  numbers  and  the  right 
column  provides  the  corresponding  SPICE  node  numbers.  The 
SPICE  input  data  uses  SPICE  reference  node  numbers  and  the 
cifplot  of  the  circuit  references  mextra  nodes.  To 
determine  the  nodes  to  which  input  voltages  or  ground  are 
applied,  identify  a  node  on  the  cifplot  circuit,  find  the 
node  number  on  the  reference  list  and  look  at  the  right 


column  and  find  the  corresponding  SPICE  node.  In  this  way, 
the  SPICE  input  data  can  be  directly  related  to  the  circuit 
node  cifplot. 
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0  CMOS/SOS  BASIC  2X4  DECODER  SPICE  TRANSIENT  ANALYSIS 

0**»*  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT  =  30 

.OPTIONS  I TL  1  =  5£fj0T  ITL5-0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX=75NM  UO=400  NSUB=2.5E1G  LD=0.7UM) 
♦  LEVEL  =  1 
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♦LEVEL*  1 

VDD  1  0  DC  5V 

Ml  0  3  2  0  NMOS  L  =  5 . 0U  W=15.0U 

M2  1  2  5  1  PMOS  L  =  5 . 0U  W=10.0U 

M3  1  3  2  1  PMOS  L  =  5 . 0U  W=30.0U 

M4  8  7  0  0  NMOS  L=5.0U  W=15.0U 

M5  8  2  5  0  NMOS  L*5.0U  W=15.0U 

M6  0  5  9  0  NMOS  L=5.0U  W= 1 5 . 0U 

M7  1  7  5  1  PMOS  L«5.0U  W-10.0U 
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M9  1  2  10  1  PMOS  L=5.0U  W*10.0U 
MI0  0  II  7  0  NMOS  L=5.0U  W=15.0U 
Mil  12  11  0  0  NMOS  L  =  5 . 0U  W=15.0U 
M 1 2  12  2  10  0  NMOS  L=»5.0U  W*15.0U 
M 1 3  11171  PMOS  L=5.0U  W=30.0U 
M 1 4  0  10  13  0  NMOS  L=S.0U  W= 1 S . 0U 
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1  10  13  1  PMOS  L=5.0U  W=30.0U 
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Figure  B-2.  SPICE  Waveform  Plot  of  Basic  Decoder 
with  Inputs  010. 


r  .  •  _  _ 


1**’»»**’*12/0I/84  -«***•«*  SPICE  23.1  U5OCT80)  •***»*•*«  !  47  s  1  9**»** 

0  CMOS/SOS  DECODER  FOUR  OUTPUT  PRECHARGE 

5****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 
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.WIDTH  OUT-80 

.OPTIONS  ITL 1-500  ITL5-0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-! 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E 1 5  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0IJ  W-5.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-5.0U 

M3  1  3  6  0  NMOS  L-5.0U  W-5.0U 

M4  1  3  7  0  NMOS  L-5.0U  W-5.0U 

M5  2  8  1  1  PMOS  L-5.0U  W-10.0U 

M6  5  8  1  1  PMOS  L-5.0U  W-I0.0U 

M7  6  8  1  1  PMOS  L-5.0U  W-10.0U 

M8  7  8  1  1  PMOS  L-5.0U  W-10.0U 

M9  0  10  9  0  NMOS  L-5.0U  W-15.0U 
M10  1971  PMOS  L-5.0U  W-10.0U 
Mil  1  10  9  1  PMOS  L-5.0U  W-30.0U 
Ml 2  13  12  0  0  NMOS  L-5.0U  W-15.0U 
Ml  3  13  9  7  0  NMOS  L-5.0U  W-15.0U 

Ml  4  0  7  14  0  NMOS  L-5.0U  W-15.0U 

Ml  5  1  12  7  1  PMOS  L-5.0U  W-10.0U 

Ml  6  1  7  14  1  PMOS  L-5.0U  W-30.0U 

M 1 7  1  9  G  1  PMOS  L-5.0U  W-I0.0U 
Ml  8  0  15  12  0  NMOS  L-5.0U  W-15.0U 
Ml  9  16  15  0  0  NMOS  L-5.0U  W-1S.0U 
M20  16  9  6  0  NMOS  L-5.0U  W-15.0U 
M2 1  1  15  12  1  PMOS  L  =5 . 0U  W-30.0U 
M22  0  6  17  0  NMOS  L-5.0U  W-15.0U 

M23  1  15  6  1  PMOS  L-5.0U  W-10.0U 

M24  1  6  17  1  PMOS  L-5.0U  W-30.0U 

M25  1  12  5  1  PMOS  L-5.0U  W-10.0U 

M26  18  10  0  0  NMOS  L-5.0U  W-15.0U 

M27  18  12  5  0  NMOS  L-5.0U  W-15.0U 

M28  0  5  19  0  NMOS  L-5.0U  W-15.0U 

M29  1  10  5  1  PMOS  L-5.0U  W-10.0U 

M30  1  5  19  1  PMOS  L-5.0U  W-30.0U 

M3 1  1  10  2  1  PMOS  L-5.0U  W-10.0U 

M32  20  15  0  0  NMOS  L-5.0U  W-15.0U 

M33  20  10  2  0  NMOS  L-5.0U  W-15.0U 

M34  0  2  21  0  NMOS  L-5.0U  W-15.0U 

M35  1  2  21  1  PMOS  L-5.0U  W-30.0U 

M36  1  15  2  1  PMOS  L-5.0U  W-10.0U 

C37  1  0  0. 1 145PF 
C38  0  0  0.561PF 
C39  1500. 157PF 
C40  2  0  0.312PF 
C41  21  0  0. 180PF 
C42  10  0  0. 151PF 
C43  500. 302PF 
C44  19  0  0. 180PF 
C45  1200. 182PF 
C46  6  0  0.291PF 
C47  17  0  0. 180PF 
C48  9  0  0.171PF 

C49  7  0  0.229PF 

C50  1400. 1 80? F 
C51  3  0  0.50PF 

V I N 1  15  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS> 

VIN2  10  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  !0V  5V  4NS  0NS  0NS  2NS ) 

VP 2  8  0  PULSE  (SV  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V( 1 4 )  V(21>  V(17)  (0V.5V) 
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0  CMOS/SOS  DECODER  FOUR  OUTPUT  PRECHARGE  Vl 

0****  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  DEC  C 
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figure  B-4. 


SPICE  Waveform  Plot  of  Internal  Node 
Precharged  Decoder  with  Inputs  010. 
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0**«*  INPUT  LISTING  TEMPERATURE  *  27.000  DEG  C 

0**..*** «*.*•*•• »*«******•*. •**«*««*•*.•*»•*»*.*•*****•*«**•***«••*•*•• 


T 

ft/ 


» 


ft 


.WIDTH  OUT-80 

.OPTIONS  lTtl-500  ITL5-0 

.MODEL  NMOS  NMOS.  <VT0=1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL -1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

V00  1  0  DC  5V 

Ml  1320  NMOS  L-5.0U  W-10.0U 
M2  I  3  5  0  NMOS  L-5.0U  W-10.0U 

M3  1  3  6  0  NMOS  L-5.0U  W-10.0U 

M4  1  3  7  0  NMOS  L-5.0U  W-10.0U 

M5  2  8  1  1  PMOS  L-5.0U  W-20.0U 

M6  5  8  1  1  PMOS  L-5.0U  W-20.0U 

M7  6  8  1  1  PMOS  L-5.0U  W-20.0U 

M8  7  8  1  t  PMOS  L-5.0U  W-20.0U 

M9  0  10  9  0  NMOS  L-5.0U  W-15.0U 
M10  1971  PMOS  L-5.0U  W-10.0U 
MU  l  10  9  1  PMOS  L-5.0U  W-30.0U 
M12  13  12  0  0  NMOS  L-S.0U  W-15.0U 
Ml 3  13  9  7  0  NMOS  L-5.0U  W-15.0U 
Ml  4  0  7  14  0  NMOS  L-5.0U  W-15.0U 

MIS  1  12  7  1  PMOS  L-5.0U  W-10.0U 

Ml 6  1  7  14  l  PMOS  L  =  5 . 0U  W-30.0U 

Ml  7  19  6  1  PMOS  L-5.0U  W-10.0U 
Ml  8  0  IS  12  0  NMOS  L-5.0U  W-1S.0U 
Ml  9  16  IS  0  0  NMOS  L  =  5 . 0U  W-15.0U 
M20  16  9  6  0  NMOS  L-5.0U  W-15.0U 
M2 1  1  15  12  1  PMOS  L-5.0U  W-30.0U 
M22  0  6  17  0  NMOS  L-5.0U  W-15.0U 

M23  1  15  6  1  PMOS  L-5.0U  U-10.0U 

M24  1  6  17  1  PMOS  L-5.0U  W-30.0U 

M25  1  12  5  1  PMOS  L-5.0U  W-10.0U 

M26  18  10  0  0  NMOS  L-5.0U  W-15.0U 

M27  18  12  5  0  NMOS  L=S.0U  W-15.0U 

M28  0  5  19  0  NMOS  L-5.0U  W=15.0U 

M29  1  10  5  1  PMOS  L-5.0U  W-10.0U 

M30  1  5  19  1  PMOS  1=5. 0U  W-30.0U 

M3 1  1  10  2  1  PMOS  L-5.0U  W-10.0U 

M32  20  15  0  0  NMOS  L-5..0U  W-15.0U 

M33  20  10  2  0  NMOS  L=5.0U  W-15.0U 

M34  0  2  21  0  NMOS  L=5.0U  W=15.0U 

M35  1  2  21  1  PMOS  L-5.0U  W-30.0U 

M36  1  15  2  1  PMOS  L-5.0U  W-10.0U 

C37  1  0  0. 1145PF 
C38  0  0  0.561PF 
C39  15  0  0. 157PF 
C40  2  0  0.312PF 
C41  21  0  0. 180PF 
C42  10  0  0. 151PF 
C43  5  0  0.302PF 
C44  1900. 180PF 
C45  1200. 182PF 
C 46  6  0  0.291PF 
C47  1700. 180PF 


B-ll 


;av.v. 


’.*v . 


C48  9  0  0. 171PF 
C'9  7  0  0.229PF 
era  U  0  0. 180PF 
C L.  x  3  0  0.S0PF 

VI N 1  15  0  PULSE  (0V  5V  5NS  0NS  0NS  10NS) 
VIN2  10  0  PULSE  <0V  5V  5NS  0N3  0NS  10NS) 
VP1  3  0  PULSE  10V  5V  4NS  0NS  0NS  2NS) 

VP2  8  0  PULSE  <  5V  0V  4NS  0NS  0NS  2NS> 
.TRAN  0.5MS  40NS 

•  PLOT  TRAN  V( 1 4 )  V  <  2 1 )  V(17)  <0V,5V> 

-END 


I' 


12/11/14  •■••••••  SPICE  26.1  M5OCT80) 

CMOS /SOS  DECOOER  POOR  OUTPUT  PR EC MARGE  ** 


§•••*  TRANSIENT  ANALYSIS 


TEMPERATURE  -  27.000  DEC  C 


•< 


•LEGEND i 

•i  VI 14 ) 
♦i  VI 2 1 ) 
-i  VC  17  1 
X 


TIME 

- - 

VI  1 4 ) 

4*00 

1.2504*00 

2.5 004*00 

3 . 7504*00 

5.0004*00 

0.  4*00 

8.0004*00 

X 

*.•••4- If 

5.0004*00 

X 

1 

5.0004*00 

X 

1 . 5004-09 

5.0004*00 

X 

2.0004-09 

5.0004*00 

X 

• 

2.SI4J-I9 

5.0004*00 

X 

« 

3.0004-09 

5.0004*00 

X 

• 

3 . 5004-09 

5.0004*00 

X 

• 

4 . 0004-09 

5.0004*00 

X 

• 

4 . 5004-09 

5.0004*00 

X 

• 

5.0004-09 

4.9984*00 

X 

• 

5.500d-09 

4.9594*00 

X 

• 

6 . 000d-09 

4.8204*00 

X 

• 

6 , 5004-09 

4.4584*00 

X 

• 

7.0004-09 

3.7214*00 

X 

• 

7 . 5004-09 

2.734 4*00 

X 

• 

® . 0004-09 

l .719d*00 

X 

• 

8.5004-09 

9.4374-01 

• 

9 , 0004-09 

4. 6254-01 

•  ♦  • 

9.5004-09 

2.1134-01 

•  •  ♦ 

1 .000d-00 

0. 7984-02 

- »  0 

l . 0S0d-08 

3.7424-02 

X 

♦  . 

1  .  10fd-00 

1 .5914-02 

X 

♦ 

1  .  1  504-08 

6.7664-03 

X 

♦ . 

l . 200d-09 

2.3314-03 

X 

♦ 

t  .2S0d-08 

1 .1404-03 

X 

.  ♦ 

I  .3004-08 

3.5684-04 

X 

* 

I  .3504-08 

1.2714-04 

X 

♦ 

1 .4004-08 

5.0624-05 

X 

♦  . 

1.4504-00 

1.4594-05 

X 

♦ . 

1 . 500d-08 

6.2404-06 

X 

♦ 

1 . 5504-08 

1.8234-06 

X 

♦ 

1  .6004-00 

7.9094-07 

X 

♦ 

1 .6504-00 

3. 5634-07 

X 

♦ 

1 . 7004-08 

1.6674-07 

X 

♦ 

1 .750d-0O 

8.9684-00 

X 

♦ . 

1  . 800d-08 

6.5134-04 

X 

♦ 

1.0504-00 

4.5094-03 

X 

* 

1 . 908d-08 

3 . 857d-02 

X 

♦ 

I  .950d-08 

1.2554-fl 

♦ 

2.080d-08 

2.6794-01 

•  * 

♦ 

2 . 050d-08 

6.3064-01 

■  • 

♦ . 

2.  100d-00 

1 . 1214*00 

■  ♦ 

•  . 

2 . I 5fd-00 

1.0264*00 

•  ♦ 

0 

2 . 2004-08 

2.6614*00 

.  • 

2 . 2504-08 

3.5564*00 

• 

2 . 300d-f8 

4 . 2014*00 

X 

• 

2.3504-08 

4.5914*00 

X 

2. 4004-08 

4.8)84*00 

X 

2 . 4504-08 

4.9134*00 

X 

•  ^ 

2 . 500d-08 

4.9604*00 

X 

• 

2 . 550d-08 

4 . 96  7d*00 

X 

• 

2 . 6004-08 

4.9954*00 

X 

2 .6504-00 

4.9984*00 

X 

* 

2. 7004-08 

4.9 994*00 

X 

• 

2 . 750d-08 

5.0004*00 

X 

• 

2.8004-08 

5.0004*00 

X 

• 

2 . 8504-08 

5.0004*00 

X 

• 

2 . 9004-08 

5 . 000d*00 

X 

• 

2 . 9504-08 

5.0004*00 

X 

3 . 000d-08 

5.0004*00 

X 

3 . 0504-00 

5.0004*00 

X 

3 . 1 004-00 

5 . 000d*00 

X 

3. 1504-08 

5.0004*00 

X 

3 . 2004-00 

5.0004*00 

X 

3 . 2504-08 

5 . 000d*00 

X 

3 . 300d -00 

5 . 000d*00 

X 

3.3504-00 

5.000d*O0 

X 

• 

3. 4004-08 

5.0004*00 

X 

• 

3. 4504-06 

5 . 000d*00 

X 

• 

3.S004-0O 

5.0004*00 

X 

3.5504-08 

5.0004*00 

X 

3 . 6004-00 

5 . 000d*00 

X 

3 . 6504-00 

5 . 000d*00 

X 

3.7004-08 

5.0004*00 

X 

3 . 7504-00 

5.0004*00 

X 

3.6004-00 

5.0004*09 

X 

3 . 0504-08 

5.0004*00 

X 

3.9004-08 

5.0004*00 

X 

3.9504-00 

5.0004*00 

X 

* 

4.00*4-08 

5.0004*00 

X 

• 

Figure  B-5.  SPICE  Plot  of  Internal  Node  Precharged 

Decoder  with  Transmission  Gate  Widths 
Twice  the  Basic  Widths. 


l»*«****l2/01/84  ««•**•**  SPICE  2G.1  (15OCT80)  «*»♦*«— 06  ;  48  s  28***«* 

0  CMOS/SOS  DECOOER  FOUR  OUTPUT  PRECHARGE 

0**»*  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

.MODEL  PMOS  PMOS  (VTO--IV  TOX-75NM  UO-200  NSUB-3E 1 5  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

MI  1  3  2  0  NMOS  L-5.0U  W-15.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-15.0U 

M3  1  3  6  0  NMOS  L-5.0U  W-15.0U 

M4  1  3  7  0  NMOS  L-5.0U  W-15.0U 

M5  2  8  1  1  PMOS  L-5.0U  U-30.0U 

M6  5  8  1  1  PMOS  L-5.0U  W-30.0U 

M7  6  8  1  1  PMOS  L-S.0U  W-30.0U 

M8  7  8  1  1  PMOS  L-5.0U  W-30.0U 

M9  0  10  9  0  NMOS  L-5.0U  W-15.0U 
M10  1971  PMOS  L-5.0U  W-10.0U 
Mil  1  10  9  1  PMOS  L-5.0U  W-30.0U 
Ml 2  13  12  0  0  NMOS  L-5.0U  W-15.0U 
M 1 3  13  9  7  0  NMOS  L-5.0U  W-15.0U 

Ml  4  0  7  14  0  ,<MOS  L-5.0U  W-1S.0U 

Ml  5  1  12  7  1  PMOS  L-5.0U  W-10.0U 

Ml  6  1  7  14  1  PMOS  L-5.0U  W-30.0U 

Ml  7  19  6  1  PMOS  L-5.0U  W-10.0U 
Ml  8  0  15  12  0  NMOS  L-5.0U  W-15.0U 
Ml  9  16  15  3  0  NMOS  L=5.0U  W-15.0U 
M20  16  9  6  0  NMOS  L-S.0U  W-15.0U 
M2 1  1  15  12  1  PMOS  L  =5 . 0U  W-30.0U 
M22  0  6  17  0  NMOS  L-5.0U  W-15.0U 

M23  1  15  6  I  PMOS  L-5.0U  W-10.0U 

M24  1  6  17  1  PMOS  L-5.0U  W-30.0U 

M25  1  12  5  1  PMOS  L-5.0U  W-10.0U 

M26  18  10  0  0  NMOS  L-5.0U  W-15.0U 

M27  18  12  5  0  NMOS  L-5.0U  W-15.0U 

M28  0  5  19  0  NMOS  L=*5.0U  W-15.0U 

M29  1  10  5  1  PMOS  L-5.0U  W-10.0U 

M30  1  5  19  1  PMOS  L-5.0U  W-30.0U 

M3 1  1  10  2  1  PMOS  L  =  5.0U  W-10.0U 

M32  20  15  0  0  NMOS  L-5.0U  W-15.0U 

M33  20  10  2  0  NMOS  L=5.0U  W-15.0U 

M34  0  2  21  0  NMOS  L-5.0U  W-15.0U 

M35  1  2  21  1  PMOS  L=5.0U  W-30.0U 

M36  1  15  2  1  PMOS  L=5.0U  W-10.0U 

C37  1  0  0. 1 145PF 
C38  0  0  0.561PF 
C39  15  0  0. 157PF 
C 40  2  0  0.312PF 
C41  21  00. 180PF 
C42  10  0  0. 151PF 
C43  5  0  0. 302  PF 
C44  1900. 180PF 
C45  1200. 182PF 
C46  6  0  0.291PF 
C47  1700. 1O0PF 


CA8  9  0  0.171PF 

C49  7  0  0.229PF 

C  0  1400. 180PF 
C  5 1  3  0  0.50PF 

V I  N 1  15  0  PULSE  (0V  5V  5NS  0NS  0NS  10NS) 
VIN2  10  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 
VP1  3  0  PULSE  ! 0V  5V  4NS  0NS  0NS  2NS ) 

VP2  8  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  VI 14 )  V { 2 1 >  V( 1 7  >  (0V,5V> 

.END 


'06  >  48  : 29' 


j«. ••*•*12/01/04  **•**•*•  SP  ICE  2G.1  U5OCT801  ••• 

0  CMOS/SOS  DECODER  FOUR  OUTPUT  PRECHARGE  *3 

0**«*  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.999  DEG  C 

!•••••••••• ••••••••••••••••••••*•••«••*• 


V(  14) 
V(  2 1  > 
V(  I7> 


TIME 

•♦•I  — — - - 

VCI4) 

1.2500*00 

2.5000*00 

3.7500*00  5 

0000*00 

9.  0*00 

S  .  04*00*09  X 

5 . 0000-  19 

5 . 0000*00  X 

1 . 0000-09 

5 . 0000*00  X 

l  .  5000-09 

5.0000*09  X 

2.0090-09 

5.0000*00  X 

2  .  5000-09 

$.0000*99  X 

3.0000-09 

5.0090*00  X 

3.5090-09 

5.0000*00  X 

4 . 0000-99 

5.0000*09  X 

4.5090-09 

5.9000*00  X 

* 

5.00fd-*9 

4 . 9600*00  X 

• 

S . 5000-09 

4.8360*90  X 

• 

6 . 000J-09 

4.4100*00  X 

« 

6.500d-09 

3.5950*00  X 

• 

7.0000-09 

2.4050*00  X 

•  t 

7.500d-09 

1  .  3830*00  X 

8 .0000-09 

7.0000-01  X  • 

8 . 500d-09 

3. 1570-91  • 

9 . 0000-09 

1.4130-01 

9.500d-09 

6 . 0940-02  -•  ♦ 

1 . 000d-0fl 

2.5690-02  X  ♦ 

I .0500-00 

1 .0470-02  X 

♦ 

1  .  |00d-08 

4.6160-03  X 

♦ 

I  .  1  50d-00 

1.7030-93  X 

♦ 

1  . 200d-00 

5.4080-04  X 

♦ 

I  .  2500-08 

2. 5180-04  X 

♦ . 

1 . 300d-99 

7.6000-05  X 

♦ 

1.3500-08 

2.8940-05  X 

* 

1  .  4000-08 

1.0640-05  X 

♦ 

1 .4501-00 

3.0(00-96  X 

♦ . 

I . 500d-08 

1.3940-06  X 

♦ 

1 . 550d-98 

4.0920-07  X 

* 

1  .  &00J-0O 

1 .8760-07  X 

♦ 

1 .6500-00 

9.4250-08  X 

♦ 

1  .  7000-08 

5.3720-08  X 

♦ 

1 .7500-00 

3. 7620-08  X 

♦ . 

i . caed-ae 

6.5000-04  X 

♦ 

1.8500-00 

4.5050-03  X 

♦ 

1  .  9000-00 

3.8160-82  X 

♦ 

I .9500-00 

1.2150-01  •• 

♦ 

2.0000-00 

2.6790-01  •  • 

♦ 

2.0500-00 

6 . 304d-O 1  -  • 

♦ . 

2.  1 00d-08 

1.1210*00  -  ♦ 

2.1500-88 

1 .8260*00  -  ♦ 

2.2000-08 

2.6610*00 

• 

2.2590-98 

3.5550*00  X 

• 

2.300d-98 

4.2000*00  X 

2.3500-98 

4 . 59 10*00  X 

. 

2.4080-98 

4.8200*00  X 

2.4500-98 

4.9130*00  X 

2 .  S00d-08 

4.9680*00  X 

2.5590-98 

4.9670*90  X 

2.6000-98 

4.9950*00  X 

2.6500-08 

4.9980*00  X 

2. 700d-98 

4 . 9990*00  X 

2.7500-08 

5.0000*00  X 

2.8000-00 

5.0000*00  X 

2. 0500-08 

5.0000*00  X 

2. 3001-08 

5.0000*00  X 

2.9590-00 

5.0000*00  X 

3 . 0000-00 

5 . 00fd  *  00  X 

3.0500-00 

5.0000*00  X 

3. 1000-00 

50000*00  X 

3 . 1500-98 

5.000d*U0  X 

3.2000-00 

5.0000*80  X 

3.2580-00 

6 . 000d*00  X 

3.3900-00 

50000*00  X 

3.3500-00 

5.0000*00  X 

3.4000-08 

5.0000*00  X 

3.4500-00 

5 . 000d *00  X 

3 . 5080-08 

5.0000*00  X 

3.5500-00 

6 . 0P0d  *00  X 

3.6000-08 

5.0000*00  X 

3.6580-00 

5.0000*00  X 

3. 7000-00 

5.0000*80  X 

3.7500-00 

5.9000*00  X 

3. 0000-90 

5-0000*00  X 

3.C50J-0O 

5 . 000d *00  x 

3.9900-00 

5 . 000d  *00  X 

3.9500-00 

5.0090*00  X 

4.0000-00 

5.0000*00  X 

-  -  -  - 

Figure  B-6.  SPICE  Plot  of  Internal  Node  Precharge 
Decoder  with  Transmission  Gate  Widths 
Three  Times  the  Basic  Widths. 
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11/30/84  ********  SPICE  2G.1  U5OCT80)  **** 
CMOS/SOS  2X4  DECODER  WITH  OUTPUTS  PRECHARGED 


: 26 : 23***** 


0 


0***«  INPUT  L ISTING 


TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT=80 

.OPTIONS  I TL 1  =  500  I TL 5  =0 

.MODEL  NMOS  NMOS  (VT0=1V  TOX=75NM  UO=400  NSUB=2.5E1S  LD=0.7UM> 

♦  LEVEL  =  1 

•MODEL  PMOS  PMOS  <VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD=0.7UM) 

♦  LEVEL  =  1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W=5.0U 

M2  1  3  5  0  NMOS  L=5.0U  W=5.0U 

M3  1  3  6  0  NMOS  L=5.0U  W=5.0U 

M4  1  3  7  0  NMOS  L=5.0U  W=5.0U 

M5  2  8  1  1  PMOS  L=5.0U  W=10.0U 

M6  5  8  1  1  PMOS  L-5.0U  W-10.0U 

M7  6  8  1  1  PMOS  L*5.0U  W-10.0U 

M8  7  8  1  1  PMOS  L»5 . 0U  W=10.0U 

M9  0  10  9  0  NMOS  L=5.0U  W=15.0U 
M10  1  9  12  1  PMOS  L=5.0U  W=10.0U 

Mil  1  10  9  1  PMOS  L=5.0U  W=30.0U 

Ml  2  14  13  0  0  NMOS  L=5.0U  W-15.0U 

Ml  3  14  9  12  0  NMOS  L  =  5.0U  W=15.0U 

M 1 4  0  12  7  0  NMOS  L=5.0U  W=15.0U 
Ml  5  1  13  12  1  PMOS  L=5.0U  W=10.0U 
M 1 6  1  12  7  1  PMOS  L  =  5.0U  W=30.0U 

Ml  7  1  9  15  1  PMOS  L=S.0U  W=10.0U 

Ml  8  0  16  13  0  NMOS  L  =  5.0U  W=15.0U 
Ml  9  17  16  0  0  NMOS  L=5.0U  W=15.0U 
M20  17  9  15  0  NMOS  L=5.0U  W=15.0U 

M2 1  1  16  13  1  PMOS  L  =  5.0U  W*30.0U 

M22  0  15  6  0  NMOS  L=5.0U  W=15.0U 
M23  1  16  15  1  PMOS  L=5.0U  W=10.0U 
M24  1  15  6  1  PMOS  L=5.0U  W=30.0U 
M25  1  13  13  1  PMOS  L=5.0U  W»10.0U 
M26  19  10  0  0  NMOS  L  =  5.0U  W=*15.0U 
M27  19  13  18  0  NMOS  L=5.0U  W=15.0U 
M2  8  0  18  5  0  NMOS  L  =  5 . 0U  W=>15.0U 
M29  1  10  13  1  PMOS  L=5.0U  W=10.0U 
M30  1  18  5  1  PMOS  L  =  5 . 0U  W=30.0U 
M3 1  1  10  20  1  PMOS  L  =  5.0U  W=10.0U 
M32  21  16  0  0  NMOS  L=5.0U  W=15.0U 
M33  21  10  20  0  NMOS  L=5.0U  W=15.0U 
M3 4  0  20  2  0  NMOS  L-5.0U  W-15.0U 
M35  1  20  2  1  PMOS  L=5.0U  W=30.0U 
M36  1  16  20  1  PMOS  L=5.0U  W=10.0U 
C37  100.1 139PF 
C38  0  0  0.561PF 
C39  1600. 157PF 
C 4  0  20  0  0. 126PF 
C41  2  0  0.234PF 
C42  10  0  0. 151PF 
C43  1800. 127PF 
C 4 4  5  0  0.234PF 
C45  1300. 182PF 
C  4  6  15  0  0. 120PF 


C47  6  0  0.234PF 
C48  9  0  0. 1 7 1 PF 
C49  1200. 12SPF 
C50  7  0  0.234PF 
C 5 1  3  0  0.50PF 

V I N 1  16  0  PULSE  <  77  7V  5NS  0NS  0NS  10NS ) 

V1N2  10  0  PULSE  <..V  T  V  SNS  0NS  0NS  10NS) 

VPHI1  3  0  PULSE  <0V  -V  4NS  0NS  0NS  2NS ) 

VPH 1 1  BAR  8  0  PULSE  < 5V  0V  4NS  0NS  0NS  2NS> 
.TRAN  0.5NS  40NS 

.PLOT  TRAN  V  <  7  >  V<2>  V(6>  <0V,SV> 

.END 


kMdiJ 
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I****«**ll/M/Jt4  **•*••••  SPICE  2C.I  USOCT801 
0  CKOS/SOS  2X4  DECODER  WITH  OUTPUTS  PRECHARGEO  <** 

»••••  TRAMS  1  ENT  ANALYSIS  TEMPERATURE  •  2 7.000  DEG  C 


flEGENOi 

•«  V<7> 

♦  i  V( 2 ) 

■i  V<«) 

X 

TIME  V<  7  > 


X(  *♦• ) -  ».  d*00  1 . 2S0d+00  2 . 50fd*00  3.750d«00  S.000d*00 


a.  4*n 

S . 00fd+00 

X 

5  .  MOB'i-  1 0 

5 . 000d*00 

X 

I  .000U-09 

5.000d«00 

X 

I  ,500d-09 

5.000d+f0 

X 

2.000d-09 

S.000d*0f 

X 

2.500d-f9 

5.000d«00 

X 

3.00Od-09 

5 .000d*00 

X 

3.50«d-«9 

S . 0f0d»00 

X 

4.f0fd-09 

5 . 900d+00 

X 

4.500d-09 

5.000d«00 

.  X 

5 .000d-09 

S.000d«00 

5 .  S00d-09 

5.0P0d*00 

6 .000d-09 

S.000d«00 

G .  S00d-09 

5.000d*00 

7.000d-09 

4 . 999d*00 

7 . 500d-09 

4 . 9?9d+00 

8 . 00Vd-09 

4.$84d«00 

8.500J-09 

3  - 873d*00 

m 

9 . 000J-09 

2 . 91 2d*00 

,  m 

9 . 500d-09 

1.943d«00 

l  . 000d-08 

1 . 20Id*O0 

1 . 050d-08 

i . Q36d-91 

I . 1 00d-08 

3 . 605d-0l 

1 . 1 50d-08 

1 .7G0d-01 

■  • 

I . 200d-08 

9.068d-02 

1 . 2S0d-08 

4 . GGGd-02 

•  • 

I  .  300d-08 

2 . 329d-02 

X 

I . 35 0d-4?8 

I . I 79d-02 

X 

! . 40OJ-0O 

C.457d-*3 

X 

I  .4S0U-08 

3.21 7d-03 

X 

1 .500.J-08 

1 .374d-03 

X 

1 .  558<J-0O 

6.9f6d-04 

X 

1 .6004-98 

3 . 5G7d-04 

X 

1 .6S0.J-08 

1 .074d-04 

X 

1 . 700J-08 

9  - 893d-85 

X 

I  .  750<i-08 

S . 593d-05 

X 

1 . O00d-88 

8 . 846d-03 

X 

l.8S8d-08 

8.029d-0Z 

•  • 

1 . 900d-0O 

2.Q35d-01 

1 .950J-08 

€.976d-01 

2.000d-00 

I . 177d*Q0 

• 

2.05Od-0O 

2.20Sd*00 

•  ♦ 

Z.  10Od-08 

3.0$Sd*00 

2  .  1  *ed-08 

3 . 807d*80 

2.200d-08 

4 . 3<2d*00 

X 

2 . 258d-08 

4 . 62§d+00 

X 

2 . 30fd-08 

4.81 0d  *f • 

X 

2.3D0d-08 

4 . 904 d  +  00 

X 

2.400d-08 

4 . 94  7d*00 

X 

2 . 450d-08 

4 . 976d*00 

X 

2 • 500d*08 

4 . 988d+00 

X 

2.550«i-08 

4.994d*00 

X 

2.608d-08 

4 . 9?7d  *00 

X 

2 . 6t»8<J-08 

4 . 999d*00 

X 

2 . 700d-00 

4 . 999d+00 

X 

2.750.4-08 

S.000d*00 

X 

2 . 000«J-0O 

5.000d«00 

X 

2. 850 d -00 

5 . 000d*00 

X 

2.900d-0O 

5.000d*00 

X 

2 . 950d-0O 

5 . 900d*0f 

X 

3.000.4-00 

5.0r0d*00 

X 

3 . 050d-08 

5 . 000d+00 

X 

3 . 1 00d -08 

5. 00 id *00 

X 

3.1504-00 

S.O00d«00 

X 

3 . 200d-00 

5.000d*00 

X 

3. 250d-08 

5 . atad+aa 

X 

3 . 300.4-08 

5.000d«00 

X 

3 . 350d-08 

S.000d«00 

X 

3. 480.J-08 

5 . atad*aa 

X 

3 . 450.J-08 

5 . 000d*00 

X 

3.500*4-08 

5 . O00d*00 

X 

3 . 550.J-00 

5 . 000d*00 

X 

3 . 500.J-08 

5 . 000d*00 

X 

3 . &50d-08 

5.000d*00 

X 

3.700.4-08 

5 .  aaa<j*aa 

X 

3. 750d-00 

5.000d*00 

X 

3 . 800.4-08 

5 . 00fd*00 

X 

3.850.4-09 

5 . 0P0d+00 

X 

3.900.4-00 

5 . 800d*00 

X 

3.9504-08 

5.000d«00 

X 

4.008d-0O 

5.000d*00 

X 

Figure  B-8.  SPICE  Plot  of  Decoder  Outputs  Using 
Basic  Width  Transmission  Gates. 
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!«.**«**! 1/30/84  ***«*«*«  SPICE  2G . 1  (15OCT80) 


23:26:40 


0  CMOS/SOS  2X4  DECODER  WITH  OUTPUTS  PRECHARGED  -  WIDTH  TIMES  TWO 

0****  INPUT  LISTING  TEMPERATURE  »  27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
+LEVEL-1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

+LEVEL- 1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-10.0U 

M2  1  3  5  0  NMOS  L-S.0U  W-10.0U 

M3  1  3  6  0  NMOS  L-5.0U  W-I0.0U 

M4  1  3  7  0  NMOS  L-5.0U  W-10.0U 

M5  2  8  1  1  PMOS  L-5.0U  W-20.0U 

M6  5  8  1  1  PMOS  L-5.0U  W-20.0U 

M7  6  8  1  1  PMOS  L-5.0U  W-20.0U 

M8  7  8  1  1  PMOS  L-S.0U  W-20.0U 

M9  0  10  9  0  NMOS  L-5.0U  W-15.0U 
M10  1  9  12  1  PMOS  L-5.0U  W-10.0U 

Mil  1  10  9  1  PMOS  L-5.0U  W-30.0U 

M 1 2  14  13  0  0  NMOS  L-5.0U  W-15.0U 

Ml  3  14  9  12  0  NMOS  L-S.0U  W-15.0U 

Ml  4  0  12  7  0  NMOS  L-5.0U  W-1S.CU 
Ml  5  1  13  12  1  PMOS  L-5.0U  W-10.0U 
Ml  6  1  12  7  1  PMOS  L-5.0U  W-30.0U 

M 1 7  1  9  15  1  PMOS  L-5.0U  W-10.0U 

M 1 8  0  16  13  0  NMOS  L-5.0U  W-15.0U 
Ml  9  17  16  0  0  NMOS  L-5.0U  W-15.0U 
M20  17  9  15  0  NMOS  L-5.0U  W-15.0U 

M2 1  1  16  13  1  PMOS  L  =  5 . 0U  W-30.0U 

M22  0  15  6  0  NMOS  L-5.0U  W-15.0U 
M23  1  16  15  1  PMOS  L-5.0U  W-10.0U 
M2 4  1  15  6  1  PMOS  L-5.0U  W-30.0U 
M25  1  13  13  1  PMOS  L-5.0U  W-10.0U 
M26  19  10  0  0  NMOS  L-5.0U  W-15.0U 
M27  19  13  13  0  NMOS  L-5.0U  W-15.0U 
M28  0  18  5  0  NMOS  L-5.0U  W-15.0U 
M29  1  10  13  1  PMOS  L-5.0U  W-10.0U 
M30  1  18  5  1  PMOS  L  =5 . 0U  W-30.0U 
M3 1  1  10  20  1  PMOS  L-5.0U  W-10.0U 
M32  21  16  0  0  NMOS  L-5.0U  W-15.0U 
M33  21  10  20  0  NMOS  L-5.0U  W-15.0U 
M34  0  20  2  0  NMOS  L-5.0U  W-15.0U 
M35  1  20  2  1  PMOS  L-5.0U  W-30.0U 
M36  1  16  20  1  PMOS  L-5.0U  W-10.0U 
C37  1  0  0. 1 139PF 
C38  0  0  0.561PF 
C39  16  0  0. 157PF 
C 40  20  0  0. 126PF 
C41  2  0  0.234PF 
C42  10  0  0. 151PF 
C43  18  0  0. 127PF 
C44  5  0  0.234PF 
C4S  1300. 182PF 
C46  1500. 123PF 
C47  6  0  0.234PF 
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| ••••••• 1 1 Z30/84  .  SPICE  26.1  I 15OCT00)  ••••••••23 1 26 1 40* • ••• 

a  CHOS/SOS  2X4  OECOOEH  WITH  OUTPUTS  PPECHAPCEO  -  WIDTH  TIMES  TWO 

***••  THAWS  1 1 HT  ANALYSIS  TEMPEHATUHE  ■  27. 000  DEG  C 


01  ECEND  < 

*i  V( 7 1 
♦  »  VI  2  > 

•i  V<6I 
X 

TIME  VI 7  I 


— — 

-  0.  d*#f  1 

2504*00 

2. 5094*09 

3.7504*00 

f.  4*99 

5 . 9994*00  X 

5 . 0004- ID 

5 . 000d*00  X 

1 .£004-93 

5 . 000d*00  X 

1  T500d-09 

5 . 0094*09  X 

2.0094-93 

5. 0004*00  X 

2.5094-93 

5.0<*0d*00  X 

3.0004-93 

5.0004*00  X 

3 . 5094-99 

5.0004*00  X 

4.0004-93 

5.0004*00  X 

4.5 004-93 

5 .0004*00  .  X 

5.9004-93 

5.0004*00  . 

X  . 

5.5004-93 

5.0004*00  . 

.  X 

6 .9094-93 

5.0004*00  . 

X 

6.5 004-93 

5.0004*00  . 

•  * 

7.0004-99 

4 . 999d  *00  . 

• 

♦ . 

7.5004-09 

4.9144*00  . 

♦ 

• . 

8.9004-09 

4.5714*00  .  • 

8.5004-09 

3.8854*00  .  • 

.  X 

9.9004-09 

2 . 9204*00  .  • 

• 

♦ 

9.5094-09 

1.9644*00  .- 

♦ 

1 .0004-00 

1  .1914*00  • 

♦ 

1 .0504-08 

6.6614-01  •  • 

♦ . 

1  .  100d-0O 

3.4554-01  -  • 

♦  . 

1  .  150J-DO 

1 .8724-01  -  * 

♦ 

I . 2004-0 8 

9 . 3P54-02  -* 

1 . 250d“00 

4 . 769d-02  •* 

♦ 

1.3004-08 

2.4504-02  X 

♦ 

1 . 350d-0O 

1.2524-02  X 

♦ 

I  .  400d-0O 

6.6064-03  X 

♦ 

1  .4S0J-08 

2 . 9234-03  X 

♦ 

I  .  500d-0O 

1.5904-03  X 

1  . 550d“00 

6.8054-04  X 

♦ 

I  .600d-0O 

3.5044-04  X 

1  .S50d-0O 

1 .8414-04  X 

1.7004-08 

9.7044-05  X 

♦ 

t .7504-08 

}. 2944-93  X 

1  .  80OJ-08 

6.3034-03  X 

♦ 

1  . 8504-08 

8.1504-02  -* 

♦ 

1 .900J-0O 

2.920d-01  •  • 

.  ♦ 

I . 9504-08 

7.0684-01  • 

2.0004-00 

1 . 3674*00  •  ♦ 

2.9504-08 

2.2024*00  •  ♦ 

2.  1 00d-08 

3.0804*00  •  ♦ 

2 . 1 50d-00 

3.0114*00  •  * 

.  • 

2 . 2004-00 

4.3164*00  X 

2.250d-0O 

4.6264*00  X 

2.300d-00 

4.8034*00  X 

• 

Z. 3504-08 

4.9084*00  X 

*  • 

2. 400d-08 

4.9474*00  X 

*  • 

2.460d-0B 

4.9764*00  X 

2.  5004-98 

4.9804*00  X 

2.5504-08 

4.9944*00  X 

2.&0fd-08 

4.997 4*00  X 

2.6504-08 

4.9994*00  X 

2.  7004-08 

4.9994*00  X 

2 . 750d-08 

5.0004*00  X 

2.8004-00 

5.0004*00  X 

2.8504-08 

5.0004*00  X 

2.9004-08 

5.0004*00  X 

2.9584-00 

5.0004*00  X 

3.0084-08 

5.0004*00  X 

3.050.J-0O 

5.0004*00  X 

3. 1004-88 

5.0004*00  X 

3. 158J-0O 

5.0004*00  X 

3.2004-00 

5.0004*00  X 

3.2504-0O 

5.0004*00  X 

3.3004-00 

5.0004*00  X 

3.3504-00 

5.0004*00  X 

3.4004-00 

5.0004*00  X 

3.45 04-08 

5.0004*00  X 

3.5004-08 

5.0004*00  X 

3.5504-00 

5.0004*00  X 

3.6004-80 

5 . 000d *00  X 

3.6504-00 

5.0004*00  X 

3.7004-00 

5.0004*00  X 

3 . 7504-00 

5 . 000d ♦ 00  X 

3.6004-08 

5.0004*00  X 

3.8504-00 

5 . 0f 0d*00  X 

3.9001-08 

5.0004*00  X 

3 . 9504-08 

5 . 0004*.  0  X 

4.0004-98 

5.0004*00  X 

Figure  B-9.  SPICE  Plot  of  Precharged  Decoder  Outputs 
Transmission  Gate  Widths  Doubled. 
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!«*«***. U/30/34  *•****««  SPICE  2G.1  (15OCT80)  **«***«*23 : 26 : 55****« 

0  CMOS /SOS  2X4  DECODER  WITH  OUTPUTS  PRECHARGED 

0»**«  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  1TL1-500  ITLS-0 

•MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E1S  LD-0.7UM) 
♦LEVEL-1 

•MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO=200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-15.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-1S.0U 

M3  1  3  6  0  NMOS  L-5.0U  W-15.0U 

M4  1  3  7  0  NMOS  L-5.0U  W-15.0U 

M5  2  8  l  1  PMOS  L-5.0U  W-30.0U 

M6  5  8  1  1  PMOS  L-5.0U  W-30.0U 

M7  6  8  1  l  PMOS  L-5.0U  W-30.0U 

M8  7  8  l  l  PMOS  L-5.0U  W-30.0U 

MS  0  10  9  0  NMOS  L=5.0U  W-1S.0U 
M10  1  9  12  1  PMOS  L-5.0U  W-10.0U 

Mil  1  10  9  1  PMOS  L-5.0U  W-30.0U 

Ml  2  14  13  0  0  NMOS  L-5.0U  W-15.0U 

Ml 3  14  9  12  0  NMOS  L-5.0U  W-15.0U 

Ml  4  0  12  7  0  NMOS  L-5.0U  U-1S.0U 
Ml 5  1  13  12  l  PMOS  L-5.0U  W-10.0U 
Ml 6  1  12  7  1  PMOS  L-S.0U  W-30.0U 

Ml 7  1  3  15  1  PMOS  L-5.0U  W-10.0U 

M 1 8  0  IS  13  0  NMOS  L-5.0U  W=15.0U 

Ml  9  17  16  0  0  NMOS  L-5.0U  W-15.0U 

M20  17  9  15  0  NMOS  L-5.0U  U-1S.0U 

M2 1  1  16  13  1  PMOS  L-5.0U  W-30.0U 

M2 2  0  15  6  0  NMOS  L-5.0U  W-15.0U 
M23  1  16  15  1  PMOS  L-5.0U  W-10.0U 
M24  1  15  6  1  PMOS  L-5.0U  W-30.0U 
M25  1  13  13  1  PMOS  L-5.0U  W-10.0U 
M26  19  10  0  0  NMOS  L-5.0U  W-15.0U 
M27  19  13  13  0  NMOS  L-5.0U  V-15.0U 
M28  0  18  5  0  NMOS  L-5.0U  W-15.0U 
M29  1  10  13  1  PMOS  L-5.0U  W-10.0U 
M30  1  13  5  1  PMOS  L-5.0U  W-30.0U 
M31  1  10  2.3  1  PMOS  L  =  5 ,0U  W-10.0U 

M32  21  16  0  0  NMOS  L-5.0U  W-15.0U 

M33  21  10  20  0  NMOS  L-5.0U  W-15.0U 
M34  0  20  2  0  NMOS  L-5.0U  W-15.0U 
M35  1  20  2  1  PMOS  L-5.0U  W-30.0U 
M3G  1  16  20  1  PMOS  L-5.0U  W-10.0U 
C37  1  0  0. 1 139PF 
C33  0  0  0.561PF 
C39  1600. 157PF 
C 40  20  0  0. 126PF 
C41  2  0  0.234PF 
C42  10  0  0. 151PF 
C43  18  0  0. 127PF 
C 4 4  5  0  0.234PF 
C45  1300. 182PF 
C46  15  0  0. 120PF 
C 4 7  6  0  0.234PF 


I |/3*/84  ••••••••  SPICE  2C.I  < 1 50CT8#>  ••••••••23 , z6 «55"*«* 

#  CMOS/SOS  2X4  OECODER  WITH  OUTPUTS  PRECHARCED 

*••••  TRANSIENT  ANALYSIS  TEMPERATURE  •  27-00#  DEC  C 


0LEGENO 1 

•1  V<7> 

♦1  V( 2 ) 

-1  V(6> 

X 

TIME  V(7) 


) - — 

-  0.  4  +  0# 

1.25*4*## 

2 . S##d*##  3 

75#d*## 

5 . 0004*80 

0.  d*08 

5 . 0##4*0#  X 

5.0004-1# 

I .000d-#9 

5 . 0#04*0#  X 
5.0##4*0#  X 

I .5004-09 

5 . 0004+00  X 

2.0#0d-09 

S.0##d+0#  X 

2.5004-09 

5.0*#4+f#  X 

3.0#0d-09 

5 . 0F0d*00  X 

3.S#8d-#9 

5 . f##d*88  X 

4 . 000d~09 

5.0F#d*0#  X 

4 . 5004-09 

5 . 0004*00  -  X 

5.000d-*9 

5 . 0004*00  . 

X 

5.5004-89 

5. 0004 *00  . 

X 

6.00Od-09 

5.0004*00  . 

6.5004-09 

5.0004*00  . 

7 .8004-89 

4.9994*00  - 

■  * 

7 . S00d-09 

4.923 4*00  - 

• 

*  • 

8 . 000d-09 

4.594 4*00  . 

• 

* 

8.500d-09 

3 . 8604*00  . 

•  • 

9 . 000d-09 

2.9194*00  .  • 

• 

9.508d-09 

1.9574*00  -  * 

• 

1 .0004-88 

1.2124*00 

• 

1 .B58d-88 

6.75fd-01  - 

1  . 1004-00 

3.6324-01  -  • 

l  .  I50d-08 

1 .0774-01  -  • 

I . 200d-08 

9.1284-02  •• 

1 . 2S04-08 

4.6244-02  •• 

1 . 3004-00 

2.3694-02  X 

1 .350d-#8 

1.1974-02  X 

l  .4004-08 

6.4654-03  X 

1  .  450d-08 

3.2934-03  X 

1  .  500d-08 

1.3934-03  X 

1  .  5504-88 

6.9264-04  X 

1  .  6004-88 

3.6044-04  X 

1  .  6504-88 

1.8934-04  X 

1 . 700d-09 

9.9954-05  X 

l  .  750d-08 

5 . 6504-0S  X 

I  .£004-00 

8.8474-03  X 

J  .850.J-00 

8.0294-02  •• 

l . 9004-00 

2 . 025d-0 1  -  • 

.  ♦ 

1.9504-00 

6.9764-01  - 

2.00O4-08 

1.3774*00  •  ♦ 

2.0504-08 

2.2054*00  -  ♦ 

• 

2. I 00d-00 

3.0854*00 

. 

2 . 1 50d-00 

3.0074*00  -* 

•  * 

2.2004-00 

4.3224*00  X 

2 . 2504-08 

4.628 4*00  X 

• 

2 . 30fd-#8 

4.01 0d *00  X 

2 . 3504-08 

4.9044*00  X 

2. 4004-88 

4.94  7d*00  X 

• 

2 . 4504-88 

4.9764*00  X 

• 

2.5004-00 

4 . 968d*00  X 

• 

2 . 550d-#8 

4.994d*00  X 

2 . 6004-88 

4.9974*00  X 

2 . 650d-00 

4.999 4*00  X 

2. 7004-00 

4.9994*00  X 

2 . 7504-08 

5 . 000d *00  X 

2.C#04-8« 

5.0084*08  X 

2 . 0584-80 

5 . 000d*00  X 

2.9004-00 

5 . 000d *00  X 

2.9504-08 

5.0004*00  X 

3 . 0004-00 

5.0004*00  X 

3 . 0504-08 

5.0084*00  X 

3.  1004-00 

5 . 000d* 00  X 

3.  IS0.J-0O 

5.0084*00  X 

3. 200J-0O 

5.0004*00  X 

3 . 2504-08 

5 . 0004*00  X 

3.3004-00 

5 . 0P0d *00  X 

3.2504-80 

5.0004*00  X 

3. 4804-08 

5.0004*00  X 

3.45*4-00 

5.0004*00  X 

3. 500d-0Q 

5.0084*00  X 

3.5504-08 

5 . 000d*00  X 

3.6004-08 

5.0004*0#  X 

3. 650 d -00 

5.0P#4*O0  X 

3 . 7  00d - 00 

5 . 00#d*00  X 

9.7504-08 

5 . O00d*00  X 

3  .  B00-J -00 

5.0004*00  X 

3.8504-00 

5.00*4*00  X 

3.9004-00 

5.0004*00  X 

3. 950 J-08 

5.0P0d*00  X 

4.0004-08 

5.00*4*00  X 

-  1  -  - 

Figure  B-10. 


SPICE  Plot  of  Precharged  Decoder  Outputs 
Transmission  Gate  Widths  Tripled. 
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10/05/34  «**•*«** 


SPICE  2G.1  (15OCT80) 


04:27:06 


0  CMOS/COS  B  REGISTER  BASIC  TRANSIENT  ANALYSIS 

0**«*  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 


.WIDTH  OUT *80 

.OPTIONS  I TL 1 *500  ITL5-0 

.MODEL  NMOS  NMOS:  <VT0=1V  TOX-75NM  UO-400  NSUB=2.5E16  LD-0.7UM) 
♦LEVEL-1 

•MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E 1 5  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  4  3  2  0  NMOS  L-5.0U  W-5.0U 

M2  6  3  5  0  NMOS  L-5.0U  W-5.0U 

M3  8  3  7  0  NMOS  L-5.0U  W-5.0U 

M4  10  3  9  0  NMOS  L-5.0U  W-5.0U 

M5  2  11  4  1  PMOS  L-5.0U  W-10.0U 

M6  5  11  6  1  PMOS  L-5.0U  W-10.0U 

M7  7  11  8  1  PMOS  L-5.0U  W-10.0U 

M8  9  11  10  1  PMOS  L-5.0U  W-10.0U 

M9  0  13  12  0  NMOS  L-5.0U  W-15.0U 

M10  1  13  12  1  PMOS  L-5.0U  W-30.0U 
Mil  16  2  1  1  PMOS  L-5.0U  W-30.0U 

Ml  2  17  5  1  1  PMOS  L-5.0U  W-30.0U 

Ml  3  18  7  1  1  PMOS  L-5.0U  W-30.0U 

M 1 4  19  9  1  1  PMOS  L-5.0U  W-30.0U 

M 1 5  1  20  11  1  PMOS  L-5.0U  W-10.0U 
Ml  6  0  2  16  0  NMOS  L-5.0U  W-15.0U 

Ml  7  0  5  17  0  NMOS  L-5.0U  W-15.0U 

M 1 8  0  7  13  0  NMOS  L-5.0U  W-1S.0U 

Ml  9  0  9  19  0  NMOS  L-5.0U  W-15.0U 

M20  21  12  0  0  NMOS  L-5.0U  W-15.0U 
M2 1  21  20  11  0  NMOS  L-5.0U  W-15.0U 
M22  01130  NMOS  L-5.0U  W-15.0U 

M23  11131  PMOS  L-5.0U  W-30.0U 

M2 4  1  12  11  1  PMOS  L-5.0U  W-10.0U 
M25  16  23  22  0  NMOS  L-5.0U  W=5.0U 

M26  17  23  24  0  NMOS  L-5.0U  W-5.0U 

M27  13  23  25  0  NMOS  L-5.0U  W-5.0U 

M29  19  23  26  0  NMOS  L-5.0U  W=5.0U 

M29  1  12  27  1  PMOS  L-5.0U  W-10.0U 
M30  22  27  16  1  PMOS  L-5.0U  W-10.0U 

M3 1  24  27  17  1  FMOS  L-5.0U  W-10.0U 

M32  25  27  13  1  FMOS  L-5.0U  W-10.0U 

M33  26  27  19  1  FMOS  L-5.0U  W-10.0U 

M3 4  29  28  9  0  NMOS  L-5.0U  W-15.0U 
M3 5  29  12  27  0  NMOS  L-5.0U  W-15.0U 
M36  0  27  23  0  NMOS  L-5.0U  W-15.0U 
M37  1  27  23  1  PMOS  L=5.0U  W-30.0U 
M3 3  1  23  27  1  PMOS  L-5.0U  W-10.0U 
C39  26  0  0.84PF 
C40  25  0  0.84PF 
C 4 1  24  0  0.34PF 
C42  22  0  0.34PF 
C43  1  0  0 . 700 P F 
C 4 4  0  0  0.505PF 
C45  27  0  0. 181PF 
C46  23  0  0. 128PF 


C47  12  0  0.230PF 
C48  1900. 135PF 
C  !9  18  0  0. 139PF 
C.  0  17  0  0.  145PF 
C51  16  0  0. 151PF 
C52  1 1  0  0.20CPF 
C53  300. 155PF 
C 5 4  9  0  0. 1 1 1PF 
C55  700. 10SPF 
C56  5  0  0. 11 4PF 
C57  2  0  0. 120PF 
C58  10  0  0.54PF 
C59  8  0  0.54PF 
C60  6  0  0.54PF 
C 6 1  4  0  0.54PF 

VREGSEL  13  0  PULSE  <0V  0V  0NS  0NS  0NS  30NS ) 
V I N 1  20  0  PULSE  <0V  5 V  5NS  0NS  0NS  30NS  > 

VIN2  28  0  PULSE  <0V  5V  5NS  0NS  0NS  30NS ) 

VDAT1  10  0  PULSE  <5V  0V  5NS  0NS  0NS  10NS) 
VDAT2  8  0  PULSE  ( 0V  5V  5NS  0NS  0NS  10NS ) 

VDAT3  6  0  PULSE  < 0V  5V  5NS  0NS  0NS  10NS> 

VDAT4  4  0  PULSE  (5V  0V  5NS  0NS  0NS  10NS) 

.TRAN  0.5N3  40NS 
.PLOT  TRAN  V<  26 )  V<2S>  (0V.5V) 

.END 
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10/05/04  *•***++*  SPICE  2C.1  (15OCT80) 
CMOS/SOS  8  REGISTER  BASIC  TRANSIENT  ANALYSIS 


'04.27.06' 


0*«*  +  *  TRANSIENT  ANALYSIS  TEMPERATURE  •  27.000  DEG  C 


0LEGEND  < 

•«  VI26I 
♦t  V<25» 

X 

TIME  VI 28 ) 

X<«+> - -  0.  4  +  00  1.2504+00  2 .  5004+00  3.7504+00  5.0004+00 

0.  d  +  00  2.5004+00 
5 . 0004-  1 0  2 . 500d  *00 

I  . 000d-09  2 . 5004+00 

1 . 5004- 09  2 . 5004+00 

2 . 0004-09  2 . 5004+00 

2 . 5004- 09  2 . 5004+00 

3.0004-09  2 . 500d+00 

3 . 5004- 09  2 . 5004+00 

4 . 000d -09  2 . S00d+00 

4 . 5004- 09  2 . 5004+00 

$.000 4-09  2 . S00d  *00 

5 . 5004- 09  2.5004+00 

8 ■ 000d -09  2 . 5004+00 

8 . 5004- 09  2 . 5004+00 

7 . 0004-09  2.5004*00 

7.500d-09  2 . 5004+00 

8 . 000d-09  2 . 5014+00 

8 . 5004- 09  2 . 5044+00 

9.0004-08  2. 5 104*00 

9.5004- 09  2.5214*00 

1.0004-08  2.5284+00 

1.0504-08  2 . 5604+00 

1.1004- 08  2.598d+00 

1.1504- 06  2 .8444+00 

1.200d-08  2.7024+00 

1 . 2504- 08  2.7844  +  00 

1.3004- 08  2.8204+00 

I  .  350d-08  2 . 8984+00 

1.4004- 08  2.9624+00 

1  . 450d-08  3.0284+00 

1 . 500d“08  3.0904+00 

1.5504- 08  3.1534+00 

1.6004- 08  3.21 4d+00 

1.6504- 08  3 . 270d+00 

1.7004- 08  3.31  2d  +  00 

1.7504- 88  3 . 3224+08 

1.800d-08  3.3224+00 

1.8504- 08  3.31 8d+00 

1.9004- 08  3.2694+00 

1.9504- 08  3.2094+00 

2.0004-00  3.1224+00 

2.0504-08  3.0504+00 

2. 1004- 08  2.9694+00 

2.1504- 08  2 . 8684+00 

2.2004- 08  2.8094+00 

2.2504- 08  2.7224+00 

2.3004- 08  2.6564+00 

2.3504- 08  2.5624+00 

2.400d-08  2.5094+00 

2.4504-08  2.4284+00 

2.5004- 08  2.3684+00 

2 . 550d-08  2.3004+00 

2.6004- 08  2.2234+00 

2.6504- 08  2.1674+00 

2.7004- 08  2.1034+00 

2.7504- 00  2.0404+00 

2.8004- 08  1.9784+00 

2.8504- 08  1.9184+00 

2.9004- 08  1.8584+00 

2.9504- 08  1.8004+00 

3.0004-08  1.7434+00 

3.0504-08  1.6674+00 

3.1004- 08  1.6224+00 

3.1504- 08  1.5794+00 

3.2004- 08  1.527d+ff 

3 . 250d-08  1.4764+00 

3 . 20OJ-08  1.4264+00 

3.3504- 08  1.3774+00 

3.4004- 08  1.3204+00 

3 . 450d-08  1.2634+00 

3.5004- 08  1.2284+00 

3.5504- 08  1.1944+00 

3 . 600d-08  1.1524  +  00 

3.6504- 08  1.1104+00 

3 . 700d-08  1.0704+00 

3.7504- 00  1.0214+00 

3.8004- 08  9.9414-01 

3.8504- 08  9.6064-01 

3.9004- 08  9.3244-01 

3.9504- 08  9.0974-01 

4.0004-08  8.9734-01 


Figure  B-12.  SPICE  Plot  of  Basic  B  Register  Output 
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SPICE  2G.1  < 1 5OCT80 ) 


14i23.‘37***** 


0  CMOS/SOS  PRECHARGED  8  REGISTER  TRANSIENT  ANALYSIS 

0****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0*************** ******************************************************** 


•WIDTH  OUT=80 

.OPTIONS  I TL 1 *500  ITL5=0 

•MODEL  NMOS  NMOS  <VT0=1V  TOX=75NM  UO=400  NSUB=2.5E16  LD=0.7UM) 
♦  LEVEL  =  1 

•MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD=0.7UM> 

+LEVEL=1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W=5.0U 
M2  1  350  NMOS  L=5.0U  W=5.0U 
M3  1  3  6  0  NMOS  L*5.0U  W=S.0U 

M4  1  3  7  0  NMOS  L=5.0U  W-5.0U 

MS  2  8  1  1  PMOS  L=5.0U  W=10.0U 

M6  5  8  1  1  PMOS  L*S.0U  W-10.0U 

M7  6  8  1  1  PMOS  L=5.0U  W-10.0U 

M8  7  8  1  1  PMOS  L=5.0U  W=10.0U 

M9  11  10  9  0  NMOS  L=5.0U  W=5.0U 
M10  13  10  12  0  NMOS  L=5.0U  W*5.0U 

Mil  15  10  14  0  NMOS  L  =  5 . 0U  W=5.0U 

M 1 2  17  10  16  0  NMOS  L=5.0U  W=5.0U 

Ml  3  9  18  II  1  PMOS  L=5.0U  W=10.0U 
M 1 4  12  13  13  1  FMOS  L  =  5.0U  W-10.0U 

M15  14  13  15  1  FMOS  L=5.0U  W=10.0U 

Ml  6  16  13  17  1  FMOS  L=5.0U  W=10.0U 

M 1 7  0  20  19  0  NMOS  L=5.0U  W=15.0U 

M 1 3  1  20  19  1  PMOS  L *5 . 0U  W»30.0U 

M 1 9  22  9  1  1  PMOS  L=5.0U  W=30.0U 
M20  23  12  1  1  PMOS  L=5.0U  W=30.0U 

M2 1  24  14  1  1  PMOS  L=5.0U  W=30.0U 

M22  25  16  1  1  PMOS  L=5.0U  W=30.0U 

M23  1  26  13  1  PMOS  L=5.0U  W=10.0U 
M24  0  9  22  0  NMOS  L=5.0U  W=15.0U 
M25  0  12  23  0  NMOS  L=5.0U  W=15.0U 

M26  0  14  24  0  NMOS  L=5.0U  W=15.0U 

M27  0  16  25  0  NMOS  L=5.0U  W=15.0U 

M23  27  19  0  0  NMOS  L=5.0U  W= 1 5 . 0U 
M29  27  26  18  0  NMOS  L=5.0U  W=15.0U 
M30  0  18  10  0  NMOS  L  =  5 . 0U  W=15.0U 

M3 1  1  13  10  1  PMOS  L  =  5 . 0U  W=30.0U 

M32  1  13  13  1  PMOS  L=5.0U  W=10.0U 

M33  22  28  2  0  NMOS  L=5.0U  W=5.0U 

M34  23  28  5  0  NMOS  L=5.0U  W=5.0U 

M35  24  28  S  0  NMOS  L=5.0U  W=5.0U 

M36  25  23  7  0  NMOS  L=S.0U  W=5.0U 

M37  1  19  29  1  PMOS  L=5.0U  W=10.0U 

M38  2  29  22  1  PMOS  L=5.0U  W=10.0U 

M39  5  29  23  1  PMOS  L=5.0U  W=10.0U 

M40  G  29  24  1  PMOS  L=5.0U  W=19.0U 

M41  7  29  25  1  PMOS  L=5.0U  W=10.0U 

M42  31  30  0  0  NMOS  L=5.0U  W=15.0U 
M43  31  19  29  0  NMOS  L=5.0U  W=15.0U 
M44  0  23  23  0  NMOS  L=5.0U  W=15.0U 

M45  1  29  23  1  PMOS  L=5.0U  W=30.0U 

M46  1  30  29  1  PMOS  L=5.0U  W=10.0U 

C 4 7  7  0  0.34PF 
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C 4  8  6  0  0.34PF 
C',  3  5  0  0. 34PF 
C :0  2  0  0.34PF 
C.,1  1  0  0.1  103PF 
C52  0  0  0 . 505 PF 
C53  29  0  0. 181PF 
C54  28  0  0. 128PF 
C55  19  0  0.230PF 
C56  25  0  0. 135PF 
C57  24  0  0. 139PF 
C58  2300. 145PF 
C59  22  0  0. 151PF 
C60  18  0  0.208PF 
C6 1  100  0. 155PF 
C62  16  0  0. 1 1 1PF 
C63  1400. 109PF 
C64  12  0  0. 1 14PF 
C65  9  0  0. 120PF 
C66  17  0  0.54PF 
C67  15  0  0.54PF 
C68  13  0  0.54PF 
C69  11  0  0.54PF 
C70  3  0  0.50PF 

VREGSEL  20  0  PULSE  10V  0V  0NS  0NS  0NS  30NS > 
VI N 1  26  0  PULSE  (0V  SV  5NS  0NS  0NS  30NS  > 
VIN2  30  0  PULSE  <0V  5V  5NS  0NS  0NS  30NS ) 
V0AT1  17  0  PULSE  ( SV  0V  5NS  0NS  0NS  10NS) 

VDAT2  15  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

VDAT3  13  0  PULSE  ( 0V  5V  5NS  0NS  0NS  10NS) 

VDAT4  11  0  PULSE  <5V  0V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  10V  5V  4NS  0NS  0NS  2NS ) 

VP  1  BAP.  8  0  PULSE  1  SV  0V  4NS  0NS  0NS  2NS ) 
.TRAN  0.SNS  40 NS 
•  PLOT  TRAN  V ( 7 )  V  <  6 )  <0V,5V> 

.END 
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HECEHOi 

•«  V<?» 

♦i  V<*> 

TIH£ 

VI  7  > 

0.  d *00 

2 . 500d+00 

5 . 000d- 1  0 

2 . S00d*00 

1 . 000d-09 

2 . 500d*00 

1 .500d-09 

2.500d*00 

2.000d-*9 

2.$00d«00 

2 . 500d-09 

Z.5C*d 

3 . 000d-09 

2 . 500d*00 

3.S0»d-09 

2.500d*00 

4.000d-09 

2 . $00d+00 

4 . 500d-09 

2 . $29d*00 

5 . 000d-09 

2 . 62 1 d+00 

5 . 500d-09 

2.7lld*00 

6 . 000d-09 

2 . 799d*08 

6 . 500d-09 

2.88Sd*00 

7 . 000d-09 

2.912d*00 

7.500d-09 

2.91 2d*00 

S . 000d-09 

2.91 2d*00 

0 . 500d-09 

2 . 91 Sd*00 

9 . 000d-09 

2.91 9d+00 

9 . 500d-09 

2 . 927d*00 

1  .000d-08 

2 . 939d+00 

1 . 050d-08 

2.954d*00 

> . 1 0fd-08 

2 . 96Sd*00 

1  . 1 S0d-08 

3 . 02 ld  +  00 

1 .200d-08 

3 ■ 067d+00 

I  . 250d-08 

3.118d+00 

1 .300d-0B 

3. 171d*00 

I . 350d-08 

3 . 224d*00 

1 .400d-08 

3 . 27€d*00 

1 .4S0d-08 

3 . 32td*00 

1 ,500d-08 

3 . 379d*00 

1 .550d-08 

3. 429d*00 

1 .600d-08 

3 . 470d*00 

1 .650d-08 

3 . 52  3d*00 

1 .700d-00 

3.5ESd*00 

1 . 750d-0O 

3.56»d*00 

1 .B00d-08 

3 . 570d*00 

1 . 05 0d-08 

3.54  2<J+99 

l . 90td-00 

3 . 502d*00 

1 . 950d-08 

3. 44Sd*00 

2.000d-08 

3 . 37 1 d*00 

2 . 050d-08 

3 . 2?4d*00 

2 . 100d-08 

3.21 (d  +  00 

2. !50d-f8 

3 . 159d  +  00 

2  - 200d-08 

3 . 063d*00 

2.250d-00 

2 . 989d+00 

2 . 300d-00 

2 . 9 1 Cd+00 

2. 35fd-00 

2l4Sd»«l 

2 . 400d-08 

2 . 77Sd+00 

2 . 450d-08 

2 . 706d*t0 

2.500d-08 

2 .  i38d+00 

2 . 550d-08 

2 . 5/2d*00 

2.600d-0» 

2 . 507d+00 

2 • 6S0d-08 

2.44  3d  +  00 

2. 70fd-00 

2 . 38 1 d*00 

2 . 750d-08 

2 . 3 1 9d  *00 

2 . 800d -08 

2 . 259d*00 

2 . 850d -08 

2 . 200d*0f 

2 . 900d-08 

2.  M2d*00 

2 . 950d-08 

2 . 0£Sd»00 

3 . 0004-08 

2 . 02  8d*00 

3 . 050d-00 

1 .973d*00 

3.  1 08*J  -08 

1  .  9 1 9d*00 

3. lOOd-08 

l  .  9fc$d*00 

3 . 2f 0d-fi 

1  .  0 1 4d*00 

3 . 250d-00 

1  .  763d*00 

3. 300d-08 

1  .  7  12d*00 

3.350d-88 

1  .  6(  3d*00 

3 . 40«Jd-08 

1  -  6 1 4d*00 

3.450d-08 

1 .547d*00 

3 . 500d-0B 

1 .520d*00 

3 . 5$0d-08 

1  .  474d*00 

3 . 600d-00 

1 .430d*00 

3 . 658d-08 

1  .  386d  +  00 

3. 700d-08 

1 .343d»00 

3.750d-08 

1  .3P2d^00 

3.800d-08 

1 .2* 2d*00 

3 . 850d-08 

1 .226d*0f 

3 . 90OJ-08 

1  .  197d*00 

3 . 950d-0O 

1  .  172d*00 

4.009d-08 

1  .  160d*00 

2 . 5IId*ll  3.7S«d»«V 


Figure  B-14.  SPICE  Plot  of  Precharged  B  Register 
Output  Using  Basic  transmission  Gates 


!**«*»**! 1/28/84  ********  SPICE  2G  .  1  (15OCT80) 


12:24:32 


0  CMOS/SOS  PRECHARGED  B  REGISTER  TRANSIENT  ANALYSIS  -  WIDTH  TIMES  TWO 

>]*■■■**  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT *80 
•  OPTIONS  1TL 1 =500  I TL 5  =0 

•MODEL  NMOS  NMOS  <VT0=1V  TOX=75NM  UO=400  NSUB=2.5E1S  LD=0.7UM> 
♦LEVEL*  1 

•MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD=0.7UM> 

♦LEVEL* 1 

VDD  1  0  DC  5V 

Ml  1320  NMOS  L-5.0U  W=10.0U 
M2  1  3  S  0  NMOS  L  =  5 . 0U  W=10.0U 

M3  1  3  S  0  NMOS  L=5.0U  W=10.0U 

M4  1  3  7  0  NMOS  L*5.0U  W=10.0U 

M5  2  8  1  1  PMOS  L  =  5 . 0U  W=20.0U 

M6  5  8  1  1  PMOS  L  =  5 . 0U  W=20.0U 

M7  6  8  1  1  PMOS  L  =  5 . 0U  W=20.0U 

M8  7  8  1  1  PMOS  L-5.0U  W=20.0U 

M9  11  10  9  0  NMOS  L  =  5 . 0U  W=5.0U 
M 10  13  10  12  0  NMOS  L=5.0U  W=5.0U 

Mil  15  10  14  0  NMOS  L=5.0U  W»5.0U 

M 1 2  17  10  1G  0  NMOS  L=5.0U  W=5.0U 

M 1 3  9  18  11  1  PMOS  L  =  5 . 0U  W*10.0U 
M 1 4  12  18  13  1  FMOS  L=5.0U  W=10.0U 

M 1 5  14  13  15  1  FMOS  L-5.0U  W=10.0U 

M 1 6  16  13  17  1  FMOS  L=5.0U  W=10.0U 

M 1 7  0  20  19  0  NMOS  L=S.0U  W*15.0U 

M 1 3  1  20  19  1  PMOS  L  =5 . 0U  W*30.0U 

M 1 9  22  9  1  1  PMOS  L=5.0U  W=30.0U 
M20  23  12  1  1  PMOS  L=5.0U  W=30.0U 

M21  24  14  1  1  PMOS  L  =  5 . 0U  W=30.0U 

M22  25  16  1  1  PMOS  L=5.0U  W=30.0U 

M23  1  26  13  1  PMOS  L=5.0U  W=10.0U 

M2 4  0  3  22  0  NMOS  L  =  5.0U  W=15.0U 
M25  0  12  23  0  NMOS  L=5.0U  W=15.0U 

M26  0  14  24  0  NMOS  L=5.0U  W=15.0U 

M2 7  0  16  25  0  NMOS  L  =  5.0U  W=15.0U 

M23  27  19  0  0  NMOS  L=5.0U  W-15.0U 

M29  27  26  13  0  NMOS  L=5.0U  W=15.0U 
M30  0  13  10  0  NMOS  L  =  5 . 0U  W=15.0U 

M3 1  1  13  10  1  PMOS  L  =  5 . 0U  W*30.0U 

M32  1  19  13  1  PMOS  L=5.0U  W=10.0U 

M33  22  28  2  0  NMOS  L-5.0U  W*5.0U 

M34  23  28  5  0  NMOS  L=5.0U  W=5.0U 

M35  24  28  S  0  NMOS  L=5.0U  W=5.0U 

M36  25  23  7  0  NMOS  L*5.0U  W=5.0U 

M37  1  13  29  1  PMOS  L=5.0U  W=10.0U 

M33  2  29  22  1  PMOS  L=5.0U  W=10.0U 

M39  5  29  23  1  PMOS  L=5.0U  W*10.0U 

M40  6  29  24  1  PMOS  L=5.0U  W=10.0U 

M41  7  23  25  1  PMOS  L=5.0U  W=10.0U 

M42  3!  30  5  0  NMOS  L=5.0U  W=15.0U 

M43  31  13  29  0  NMOS  L=5.0U  W=15.0U 
M44  0  29  23  0  NMOS  L=5.0U  W=15.0U 

M45  1  23  23  1  PMOS  L=5.0U  W=30.0U 

M46  1  30  23  1  PMOS  L=5.0U  W=10.0U 

C47  7  0  0.34PF 


CA3  6  0  0.94PF 
C'S  5  0  0 . 94PF 
C  0  2  0  0.94PF 
C’.:i  10  0.1  103?  F 
C32  0  0  0.505PF 
C53  29  0  0. 181PF 
C54  28  0  0. 123PF 
C55  19  0  0.230PF 
C5S  25  0  0. 135PF 
C57  24  0  0. 139PF 
C58  23  0  0. 145PF 
C59  22  0  0. 15 1PF 
C60  18  0  0.208PF 
C61  100  0. 155PF 
CG2  IS  0  0. 1 1 1PF 
C63  1400. 109PF 
C64  12  0  0. 1 14PF 
C65  9  0  0. 120PF 
C66  17  0  0.54PF 
C67  15  0  0.54PF 
C68  13  0  0.54 PF 
C69  11  0  0.54PF 
C70  3  0  0.50PF 

VREGSEL  20  0  PULSE  <0V  0V  0NS  0NS  0NS  30NS ) 
VI  N  1  26  0  PULSE  <0V  5 V  5NS  0NS  0NS  30NS ) 
VIN2  30  0  PULSE  <0V  5V  5NS  0NS  0NS  30NS ) 
VDAT1  17  0  PULSE  <  5V  0V  5NS  0NS  0NS  10NS) 

VDAT2  15  0  PULSE  (0V  5V  5NS  0NS  0NS  10NS) 

VDAT3  13  0  PULSE  ( 0V  5V  5NS  0NS  0NS  10NS) 

VDAT4  11  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  <0V  5V  4NS  0NS  0NS  2NS ) 

VP  1  EAR  8  0  PULSE  ( 5V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V ( 7 )  V ( 6 )  <0V,5V> 

.  END 


SPICE  2G.1  U5OCT80) 


CMOS/SOS  PRECHARCEO  •  REGISTER  TRANSIENT  ANALYSIS  -  WIDTH  TIMES  TWO 


TRANSIENT  ANALYSIS 


TEMPERATURE 


27.000  DEG  C 


*<•♦> - - - - 


2. SBtd* 88  3.75 06*09  5 . 0006*00 


0.  d*00 

2 . 5806*88  . 

X 

*  " 

5 . 8006- 10 

2.5896*99  . 

X 

\  .  8886-09 

2.5996*99  . 

X 

l  . 500d-09 

2.500d«00  . 

X 

2.000 d-09 

2 . 5®0d*0f  . 

X 

2 . S00d-09 

2 . 500d*00  . 

X 

3 . 000d-09 

2 . 5F0d*00  . 

X 

3 . 500d-09 

2 . 500d*00  . 

X 

4  9884-83 

2. 500d*00  . 

X 

4.500d-09 

2  .  SE>8d*00  . 

.X 

5 . 0*0 d-09 

2 . 729d*00  . 

X 

5 . 500d-09 

2.9114*00  . 

X 

6.000d-09 

3.074d*00  . 

X 

C . 500d -09 

3 . 229d*00  . 

X 

7 . 000d-09 

3 . 279d*00  . 

X 

7 . 500d-09 

3.2796*98  . 

X 

0 . 000d-09 

3 . 279d*00  . 

X 

8 . 500d-09 

3 . 280d*00  . 

X 

9 . 000d-09 

3 . 263d*00  . 

X 

9  .  S00d-09 

3 . 287d*00  . 

X 

1 . 000d -00 

3 . 295d*00  . 

4* 

1 . 050d -08 

3.306d*00  . 

I .  I  886-86 

3.3 226*99  . 

♦  • 

1 . 150d-08 

3 . 3®3d*00  . 

1  . 200d-08 

3 . 403d*00  . 

♦  • 

1 . 250d-08 

3.448d*00  . 

♦  • 

1  .  300d-08 

3.4?4d*00  . 

♦  • 

1  .  350d-00 

3 . 540d*00  . 

♦ 

* 

l  . 4  00d - 08 

3 . 5®5d*00  . 

♦ 

• 

I . 450d-08 

3 . 6286*00  . 

.  ♦ 

•  # 

1 . 500d-08 

3.67  4d*00  . 

.  ♦ 

•  # 

1 . 550d-08 

3.7I7d*00  . 

♦ 

• 

J .600d-00 

3.7«.9d*00  . 

♦ 

• 

1  -650d-00 

3.797d*00  . 

♦ . 

t  • 

l . 700d-08 

3 . 82  2d+00  . 

♦  . 

a  • 

1 . 750d-08 

3 . 836d*00  . 

♦ 

a  • 

I . 000d-00 

3.9226*00  . 

* 

a  • 

I  .850d-08 

3.793 d*00  . 

♦  . 

• 

1  .  900d-08 

3.749d*00  . 

♦  . 

m 

1 . 950d -08 

3 . 662d*00  . 

♦ . 

•  , 

2 . 000d-06 

3.607d*00  . 

♦ 

• 

2.050d-00 

3 . 525d*00  . 

.  ♦  • 

2.  1 00d-08 

3.442d*00  . 

.  ♦  • 

2 .  I 50d-00 

3.361 6*90  . 

.  4  • 

2.200d-08 

3 . 2® 1 d*00  . 

♦  • 

2 . 250d-f I 

3 . 202d*00  . 

♦  • 

2. 3886-98 

3 . 1 25d*00  . 

♦  • 

2 . 350d-08 

3 . 049d*00  . 

4* 

2.400d-08 

2.975d*00  . 

2 . 450d-08 

2 . 902d*00  . 

2.500d-0B 

2.83ld*00  . 

*  ♦ 

2 . 550d-08 

2  -  7® ld*00  . 

•  ♦ 

2 . 600d-08 

2 . 692d*00  . 

.  •  ♦ 

2 . 650d-08 

2.625d*00  . 

.  •  ♦ 

2.700d-08 

2 . 5®9d*00  . 

.  •  ♦ 

2.750d-00 

2 . 494d*00  . 

•  4 

2. C00d-0O 

2 . 43 ld*00  . 

• .  4 

2.850d-08 

2 . 369d*00  . 

•  a  4 

2, 900d-08 

2.307d*00  . 

• 

4 

2.950U-00 

2.247d*»0  - 

4 

3.000d-00 

2. I 886*90  . 

• 

4  , 

3 . 0b0d -09 

2 . 1 206*99  . 

4  . 

3 . 100d-08 

2 . 07  3d  *00  . 

• 

4 

3. 150d-08 

2.01 7d*00  . 

• 

4 

3. 200«J-0O 

1.9634*00  . 

.  4 

3.250d-0O 

1 . 909d*O0  . 

• 

.  4 

3.300U-08 

1.8664*00  . 

• 

.  4 

3.350d-00 

1 .8946*99  . 

• 

4 

3.400d-08 

1.7634*00  . 

• 

4 

3 . 4 50d -08 

|.702d*00  . 

4 

3, 500d-08 

1 . 6634*00  . 

• 

4 

3.S50 J-08 

1 . 60Sd*00  . 

4 

3. 608d-00 

1.5674*00  . 

• 

4 

3.650d-00 

I.SIld*00  . 

• 

4 

3. 709d-08 

1.4664*00  • 

4 

3. 75Od-08 

1  .  42  2d*00  . 

• 

♦ 

3 . 800d- 00 

I.379d«00  • 

a  • 

♦ 

3.  BS0.J-08 

1.341 d  *00  . 

(  • 

♦ 

3 . 90Od-0O 

I.310d*00  ■ 

,  • 

♦ 

3. 950d-08 

I.284d«00  . 

• 

♦ 

4 . 000d-09 

1.27 ld*00  . 

• 

♦ 

„  .  a 

Figure  B-15. 


SPICE  Plot  of  Precharged  B  Register  Output 
Using  Transmission  Gate  Widths  Twice  the 
Basic  widths. 
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12:24:43 


0  CMOS/SOS:  PRECHARGED  B  REGISTER  TRANSIENT  ANALYSIS  -  WIDTH  TIMES 

0**«*  INPUT  LISTING  TEMPERATURE  *  27.000  DEG  C 

0*********:-:  »****»  ******************************************************* 


.WIDTH  OUT*80 

.OPTIONS  I TL 1  =  500  I TL  5=0 

.MODEL  NMOS  NMOS  (VTG=1V  TOX=75NM  UO-400  NSUB»2.5E16  LD-0.7UM) 
+  L  EVEL  =  1 

.MODEL  PMOS  PMOS  <VT0=-1V  TOX-75NM  UO=200  NSUB=3E15  LD-0.7UM) 

♦LEVEL* 1 

VDD  1  0  DC  5V 

Ml  1320  NMOS  L»5.0U  W=15.0U 
M2  1  3  5  0  NMOS  L=5.0U  W-15.0U 

M3  1  3  6  0  NMOS  L=5.0U  W=15.0U 

M4  1  3  7  0  NMOS  L-5.0U  W=15.0U 

M5  2  8  1  1  PMOS  L  =  5 . 0U  W=30.0U 

M6  5  8  1  1  PMOS  L»5.0U  W=30.0U 

M7  6  8  1  1  PMOS  L  =  5 . 0U  W-30.0U 

M8  7  8  1  1  PMOS  L-5.0U  W-30.0U 

M9  11  10  9  0  NMOS  L=5.0U  W-5.0U 
M 10  13  10  12  0  NMOS  L-S.0U  W-5.0U 

Mil  15  10  14  0  NMOS  L-5.0U  W-5.0U 

M 1 2  17  10  16  0  NMOS  L«5.0U  W-5.0U 

M 1 3  9  18  11  1  PMOS  L  =  5 . 0U  W-10.0U 
M 1 4  12  13  13  1  FMOS  L=5.0U  W-10.0U 

M 1 5  14  13  15  1  FMOS  L=5.0U  W-10.0U 

Ml  6  16  13  17  1  FMOS  L=*5.0U  W-10.0U 

M 1 7  0  20  19  0  NMOS  L=S.0U  W-15.0U 

Ml  8  1  20  19  1  PMOS  L  =  5 . 0U  W-30.0U 

M 1 9  22  9  1  1  PMOS  L=5.0U  W-30.0U 
M20  23  12  1  1  PMOS  L=S.0U  W=30.0U 
M2 1  24  14  1  1  PMOS  L  =  5.0U  W=30.0U 

M22  25  16  1  1  PMOS  L=5.0U  W*30.0U 

M23  1  26  13  1  PMOS  L=S.0U  W=10.0U 
M2 4  0  9  22  0  NMOS  L  =  5.0U  W=15.0U 
M25  0  12  23  0  NMOS  L=5.0U  W=15.0U 

M26  0  14  24  0  NMOS  L=5.0U  W-15.0U 

M2 7  0  16  25  0  NMOS  L  =  5.0U  W=15.0U 

M23  27  19  0  0  NMOS  L=5.0U  W=15.0U 
M29  27  26  18  0  NMOS  L=5.0U  W=15.0U 
M30  0  13  10  0  NMOS  L  =  5 . 0U  W=15.0U 

M3 1  1  18  10  1  PMOS  L  =  5.0U  W=30.0U 

M32  1  19  13  1  PMOS  L=5.0U  W=10.0U 
M33  22  28  2  0  NMOS  L=5.0U  W=5.0U 

M34  23  28  5  0  NMOS  L=5.0U  W=5.0U 

M35  24  23  S  0  NMOS  L=5.0U  W*5.0U 

M36  25  28  7  0  NMOS  L=5.0U  W-5.0U 

M37  1  19  23  1  PMOS  L=5.0U  W=10.0U 

M33  2  23  22  1  PMOS  L=5.0U  W=10.0U 

M39  5  29  23  1  PMOS  L=5.0U  W=10.0U 

M40  6  29  24  1  PMOS  L=5.0U  W-10.0U 

M41  7  29  25  1  PMOS  L=5.0U  W=10.0U 

M42  31  30  0  0  NMOS  L=5.0U  W=15.0U 
M43  31  19  29  0  NMOS  L=5.0U  W=15.0U 
M44  0  23  23  0  NMOS  L=5.0U  W=15.0U 

M45  1  29  23  1  PMOS  L=5.0U  W=30.0U 

M46  1  30  23  1  PMOS  L=5.0U  W=10.0U 

C47  700. 34PF 


C  4  3  6  0  0.34PF 
C  9  5  0  0. 34PF 
C  0  2  0  0.34PF 
Cl  100.1 103PF 
CJ2  0  0  0.505PF 
C53  29  0  0. 181PF 
C54  23  0  0. 123PF 
C55  19  0  0.230PF 
C56  25  0  0. 135PF 
C57  24  0  0. 139PF 
C58  2 300. 145PF 
C59  22  0  0. 151PF 
C60  18  0  0.208PF 
C61  100  0. 155PF 
C62  16  0  0. 1 1  1PF 
C63  1400. 109PF 
C64  12  0  0. 1  14PF 
C65  9  0  0. 120PF 
C66  17  0  0.54PF 
C67  IS  0  0.54PF 
C68  13  0  0.54PF 
C69  1 1  0  0.54PF 
C70  3  0  0.50PF 

VREGSEL  20  0  PULSE  <  0V  0V  0NS  0NS  0NS  30NS ) 
V I N 1  26  0  PULSE  (0V  5V  5NS  0NS  0NS  30NS ) 
VIN2  30  0  PULSE  <0V  5V  5NS  0NS  0NS  30NS ) 
V0AT1  17  0  PULSE  (  5V  0V  5NS  0NS  0NS  10NS1 

V0AT2  15  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

VDAT3  13  0  PULSE  <0V  GV  5NS  0NS  0NS  10NS) 

VDAT4  11  0  PULSE  <5V  0V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  <0V  SV  4NS  0NS  0NS  2NS ) 

'.'PI  BAR  8  0  PULSE  <  SV  0V  4NS  0NS  0NS  2NS ) 

•  TP. AN  0.5NS  40NS 

•  PLOT  TRAN  V ( 7 )  V<  6 )  (0V.5V) 

•  E 


2 1/29/84  ••••••*•  SPICE  2C.1  < 15OCT80 1  •••••••• l 2 , 24 . 43«*#** 

CHOS/SOS  PRECMARCED  8  REGISTER  TRANS  I  ENT  ANALYSIS  -  WIDTH  TIMES  THREE 


TRANSIENT  ANALYSIS 


TEMPERATURE 


27. ffl  DEG  C 


fLEGENOi 

•i  V(7> 

♦«  VIS) 

X 

TIME 

VI  7 ) 

9 .  6*90 

2 . 5996*99  . 

X 

“ 

5 . §884- I 0 

2.5f0d*00  . 

X 

\.999d -09 

2.50fd*00  . 

X 

1 .500d-»9 

2 . 500d*00  . 

X 

2.000d-09 

2.5 066*09  . 

X 

2.500d-09 

2.5f>0d«00  . 

X 

3.000d-09 

2 . 500d*00  . 

X 

3.5f»d-*9 

2.S*0d+00  . 

X 

4.000d-09 

2 . 5F0d*00  . 

X 

4.S00d-09 

2 . 567d*00  . 

.X 

5 . 000d-09 

2 . 9S3d*00  . 

X 

S.500d-09 

3 . 099d*00  . 

X 

6 . 000d-09 

3 . 32 5d*00  . 

6.S00d-09 

3.522d>00  . 

X  . 

7 .000d-09 

3 . 598d*00  . 

X  . 

7 . 500d-09 

3 . 598d  +  00  . 

X  . 

8 . 000d-09 

3.597d*90  . 

X  . 

B.500d-09 

3 .  S97d*00  . 

X  . 

9.000d-09 

3  .  S96d  +  00  . 

X  . 

9 . 500d-09 

3 . 596d*00  . 

X  . 

1 . 000d-0B 

3 . 600d*00  . 

X  . 

I ,0S0d-08 

3 . 607d*00  . 

1 . 1 00d-08 

3 ■ 627d*00  . 

I . 150d-00 

3 . SS4d+00  . 

1 . 200d-08 

3.6B«d*00  . 

1 . 250d-00 

3 . 727d*00  . 

1 .300d-08 

3 . 7fc6d*00  . 

♦ 

* 

1 . 350d-0B 

3.806d+00  . 

♦ 

.  • 

I . 400J-08 

3 . 845d*00  . 

♦ 

.  • 

1 . 450d-08 

3 . 8S3d»00  . 

♦ 

.  • 

I .500d-08 

3.9?0d*00  . 

♦ 

1 .S50d-08 

3 . 957d*00  . 

♦ 

I . 600d-0B 

3.9?2d*80  . 

♦ 

* 

1  .SO0.J-08 

4 . 02  4d*00  . 

♦ 

• 

I . 7096-9B 

4.047d*00  . 

.  ♦ 

• 

1 . 750d-08 

4.040d*00  . 

.  ♦ 

* 

1 .C00d-0O 

4 . 0?8d*00  . 

.  ♦ 

• 

l  .050.1-00 

4 . 002d*00  . 

.  ♦ 

1 . 900J-08 

3 . 950d*00  . 

.  ♦ 

I .950d-08 

3.866d*00  . 

♦ 

2 . 000d-08 

3 . 803d*00  . 

♦ 

2.050d-08 

3.717d*00  . 

♦ 

• 

2. 1 00d-08 

3 . S20d*00  . 

♦ 

2. 150d-88 

3 . 545d*00  . 

♦ 

2.280d-08 

3 . 4fc 1 d*00  . 

♦ 

Z.250d-0B 

3 . 378d*00  . 

♦ 

2 . 300d-08 

3 . 298d*00  . 

♦ 

ft 

2. 3SOd-08 

3.21 9d*00  . 

♦ 

2 . 400d-08 

3 . 1 4 l d*00  . 

♦ 

2 . 450d-0O 

3.0t.5d*00  . 

♦ 

2 . 500d-08 

2 . 99fd*00  . 

♦ 

2 . S50d-08 

2.91 7d*00  . 

• 

♦ 

2.600d-08 

2 . 846d* 00  . 

* 

2 . 650d-08 

2 . 775d*00  . 

♦ 

2.700d-88 

2.707d*00  . 

• 

♦ 

2.750J-08 

2 . 639d*00  . 

* 

♦ 

2. 800d-08 

2 . 573d*00  . 

.  • 

♦ 

2.B5Od-08 

2 . 5F8d*00  . 

• 

♦  . 

2 . 900d -00 

2 . 4  4  4d *00  . 

• 

♦ . 

2 . 950d-08 

2 . 38  Id* 00  . 

*  . 

♦ 

3 . 008d -08 

2 . 32 0d*00  . 

• 

♦ 

3 . 050d-88 

2.2E9d*00  . 

• 

.  ♦ 

3. 100d-08 

2 . 200d* 08  . 

• 

.  ♦ 

3. 150d-«8 

2 . 1 42d*00  . 

• 

♦ 

3 . 208d-08 

2.0E5d*00  . 

• 

♦ 

3 . 250d-00 

2.0? 9d*00  . 

• 

♦ 

3.3001-00 

1 . 974d *00  . 

♦ 

3.358d-f0 

I.920d*00  . 

ft 

♦ 

3 . 408d-08 

1  .  8fc7d*O0  . 

• 

* 

3. 4S0d-0O 

1 . 9 I 5d*00  . 

• 

♦ 

3.500d-08 

I.783d*00  . 

ft 

♦ 

3.5001-08 

1  .  7 1 3d*00  . 

ft 

♦ 

3 . 600J-08 

1.6t3tf*90  . 

• 

♦ 

3 . 650d-08 

1  .  6  J  5d*00  . 

♦ 

3 . 700d -  88 

l.Sfc7d*00  . 

♦ 

3 . 750d-0O 

1 . 5? ld*00  . 

♦ 

3. 80C.J-08 

1  .  477d*00  . 

* 

♦ 

3 . 6O0.J-08 

1  .  4  J7d*00  . 

* 

3. 900d-00 

I . 405d*00  . 

♦ 

3 .950.1-08 

1 . 377d*00  . 

♦ 

4 . 000d - 08 

1 . 38 4d*00  . 

♦ 

-  : 

Figure  B-16.  SPICE 

Plot  of  Precharged  B  Register 

Output 

Using 

Transmission  gate 

Widths 

Three 

Times 

the  Basic 

Widths . 

l***»***U/28/84  ********  SPICE  2G.1  (15OCT80)  ********13:21:16***** 

0  CMOS/SOS  SASIC  RAM  CELL  TRANSIENT  ANALYSIS  -  010  INPUT 

0**«*  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT*80 

.OPTIONS  I TL  1  *5.00  ITL5-0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX=75NM  UO-400  NSUB=2.5E16  LD=0.7UM> 
♦LEVEL*! 

.MODEL  PM03  PMOS  (VT0=-1V  TOX=7SNM  UO=200  NSUC=3E15  LD=0.7UM) 
♦LEVEL* 1 
VDD  1  0  OC  5V 


Ml  4 
M2  3 
M3  4 
M4  7 
M5  1 
M6  1 
M7  9 
M8  0 
C9  9 


300  NMOS  L=5.0U  W=15.0U 
400  NMOS  L=5.0U  W= 1 5 . 0U 
6  5  0  NMOS  L  =  5 . 0U  W=5.0U 

6  3  0  NMOS  L  =  5 . 0U  W=5.0U 

3  4  1  PMOS  L=5.0U  W=30.0U 

4  3  1  PMOS  L=5.0U  W=30.0U 

7  1  1  PMOS  L=5.0U  W=  30 . 0U 
7  9  0  NMOS  L  =5 . 0U  W=1S.0U 


0  0.7IPP 
C10  0  0  0.291PF 
Cl  1  7  0  0.92PF 
C 1 2  1  0  0.292PF 
C  1 3  6  0  0. 108PF 
C14  4  0  0. 182PF 
CIS  3  0  0. 185PF 

V I N 1  7  0  PULSE  C0V  5V  5NS  0NS  0NS  10NS) 
VIN2  S  0  PULSE  (SV  0V  5NS  0NS  0NS  5NS ) 
VPASS  6  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 
.TRAN  0.5NS  40NS 
.PLOT  TRAN  V ( 9 )  (0V.5V) 

.END 


!*«.***. H/28/84  ********  SPICE  2G.1  (15OCT80)  ********13:22:20***** 

0  CMOS/SOS  BASIC  RAM  CELL  TRANSIENT  ANALYSIS  -  101  INPUT 

0**«*  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  I TL 1*500  I TL 5=0 

•MODEL  NMOS  NMOS  (VT0=1V  TOX-75NM  UO=400  NSUB-2.5E16  LD=0.7UM> 
♦LEVEL® 1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO=200  NSUB=3E15  LD=0.7UM> 

♦LEVEL® 1 

VDD  1  0  DC  5V 


Ml 

4 

3 

0 

0 

NMOS 

L  =  5 . 0U 

W= 15 .0U 

M2 

3 

4 

0 

0 

NMOS 

L  =  5 . 0U 

W-15.0U 

M3 

4 

6 

5 

0 

NMOS 

L  =  5 . 0U 

W=5 . 0U 

M4 

7 

6 

3 

0 

NMOS 

L  =5 . 0U 

W=5 .0U 

M5 

1 

3 

4 

1 

PMOS 

L  =  5 . 0U 

W=30.0U 

MG 

1 

4 

3 

1 

PMOS 

L  =  5 . 0U 

W-30.0U 

M7 

9 

7 

I 

1 

PMOS 

L  =5 . 0U 

W=30.0U 

M3 

0 

7 

9 

0 

NMOS 

L  =  5 . 0U 

W= 1 5 . 0U 

C9 

9 

0 

0 

.  7  1  P  F 

C10  0  0  0.291PF 
Cl  1  7  0  0. 92PF 
C 1 2  1  0  0.292PF 
C 1 3  6  0  0. 10OPF 
C 1 4  4  0  0. I32PF 
C 1 5  3  00. 135PF 

VIM!  7  0  PULSE  ( 5V  0V  5NS  0N3  0NS  10NS> 

V I  M2  5  0  PULSE  <5V  0V  5NS  0NS  0NS  5NS ) 
VPASS  6  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 
.TRAN  0.5N3  4.0NS 
.PLOT  TRAN  V ( 9 )  (0V.5V) 

.END 
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1 . 1  1/29/94  . .  SPICE  2G .  1  ( t5OCT80>  •••••••*  1 3 , 2 !  >1  *••••* 

0  CMOS /SOS  BASIC  RAM  CELL  TRANSIENT  ANALYSIS  -  0 10  INRUT 

TRANSIENT  ANALYSIS  TEMPERATURE  -  27. Bit  DEC  C 

. * . . 


X 


TIME  VIS) 

X  B.  0*00  1.25 00*09  2.5 000*00  3.7500*00  5 .0000*00 


0.  0*00 

5 . 0000*00  . 

5 .0000-10 

5 . 000d*00 

* 

l .00$ d-09 

5 . 000d*00 

• 

1.5000-09 

5 . 000d*09 

* 

2.90$d-09 

5.000d*00 

2.S00d-09 

5 .0000*00 

3 . 009d-B9 

5 . 000d*00 

3.508d-09 

5 . 0000*00 

4 . 0000-09 

5.0000*00 

4 .5000-09 

5.0000*00 

5.0000-09 

5.0000*00  . 

• 

5.500d-09 

4 . 87  2d  *00 

•  4 

6 . 000 d-09 

4.4400*00 

• 

6.500d-09 

4.0090*00 

• 

7.0000-09 

3.5610*00 

• 

7 . 5080-09 

3.1660*00 

• 

8.0000-09 

2.7600*00 

• 

8 . 500d-09 

2.3920*00 

* 

9 . 000d-09 

2.0480*00 

• 

9 . 500d-09 

1.7320*00 

• 

1 . 000d-08 

1.4640*00 

• 

I .050d-08 

1.2130*00 

■ 

1 . I00d-08 

1.0070*00 

• 

1  .  150d-0O 

8.3270-01 

• 

1 . 2000-08 

6.8600-01 

• 

1 .250d-08 

5.6490-01 

• 

1  .  3000-00 

4.5720-01 

• 

1  .  350d-00 

3 . 757d-01 

* 

I  . 4000-08 

3.0240-01 

• 

1 . 450d-08 

2.4590-01 

• 

1 . 5080-00 

2.0000-01 

• 

1.5580-08 

1.5940-01 

m 

J .6000-08 

2. 7680-01 

• 

1 .6S0O-08 

7 . 062d-0 1 

• 

1  .  700d-08 

l .1400*00 

•  # 

1  .  7500-08 

1.5630*00 

• 

I . 8000-08 

l .979d*00 

• 

l .85«d-0O 

2.3670*00 

•  _ 

1.9800-08 

2 . 7380*00 

• 

1 . 9S0O-08 

3.0730*00 

• 

Z  .0000-00 

3.3680*00 

• 

Z . 0500-00 

3 . 625d*00 

*  ’ 

2 . 1000-00 

3.8530*00 

_  • 

2.1500-08 

4.0560*00 

• 

2.2000-08 

4.21 6d*00 

• 

2 . 250d-08 

4.3590*00 

• 

2.3000-08 

4.4760*00 

• 

2 . 350d-08 

4.5710*00 

• 

2.4000-08 

4 . 654d*00 

• 

2 . 450d-08 

4.71 7d*00 

• 

2 .  S00d-06 

4.7710*00 

• 

2 . 550d-00 

4.8170*00 

• 

2 . 600d-08 

4.8500*00 

* 

2 . 650d-08 

4.8600*00 

•  t 

2 . 7000-08 

4 . 9030*00 

2. 750d-08 

4.9210*00 

•  t 

2.6000-08 

4.9370*80 

•  t 

2.8500-08 

4.9490*00 

2.9060-08 

4.9590*00 

2.9500-08 

4.9670*00 

3.0000-08 

4.9730*00 

3.0500-00 

4.9790*00 

3.  l00d-00 

4.9630*00 

3.1500-00 

4.9660*00 

3.2000-00 

4 . 9690*00 

3 . 2500-00 

4.9910*00 

3.300O-0O 

4.9930*00 

3.3500-00 

4 . 9940*08 

3 . 400d-0Q 

4 . 995d*00 

3.4500-08 

4.9960*00 

3.5000-08 

4 . 99’d*00 

3.5500-00 

4.9980*00 

3. 6000-00 

4.9980*00 

3.6500-08 

4.9980*00 

3.7000-08 

4.9990*00 

3.7500-00 

4.9990*08 

3 . 800d-08 

4 . 999d*00 

3.6500-08 

4. 9990*08 

3.9000-00 

4 . 9990*00 

3.9500-08 

5 . 000d*00 

4.0000-00 

5.0000*00 

Figure  B-18.  SPICE  Plot  of  RAM  Cell  with  Input  010 


Figure  B-19.  SPICE  Plot  of  RAM  Cell  with  Input  101 


!«*»****!  1/23/34  ********  SPICE  2G  .  1  <15OCT80>  ******** 1 3 • 49 : 45***«* 

0  CMOS/SOS  PRECHARGED  RAM  CELL  TRANSIENT  ANALYSIS  -  010  INPUT 

g****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0*»«**«*****Kr***  »■  ******************************************************* 


.WIDTH  OUT=80 

.OPTIONS  I TL 1=500  ITL5=0 

•MODEL  NMOS  NMOS  <VT0=1V  TOX=75NM  UO=400  NSUB*2.5E16  LD=0.7UM) 

•  LEVEL  =  1 

•MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD=0.7UM) 

+LEVEL= 1 

VDD  1  0  DC  SV 

Ml  4  3  0  0  NMOS  L=5.0U  W=15.0U 
M2  3  4  0  0  NMOS  L=S.0U  W=15.0U 
M3  4  G  5  0  NMOS  L=5.0U  W=5.0U 

M4  7  6  3  0  NMOS  L=S.0U  W=5.0U 

M5  1  3  4  1  PMOS  L=S.0U  V=30.0U 

M6  1  4  3  1  PMOS  L  =  5 . 0U  W=30.0U 

M7  1  10  9  0  NMOS  L=5.0U  W=S.0U 
M8  9  7  1  1  PMOS  L  =  5 . 0U  W=30.0U 
M9  9  11  1  1  PMOS  L=5.0U  W=10.0U 
M  1 0  0  7  9  0  NMOS  L  =  5 . 0U  W=1S.0U 
Cll  9  0  0.31PF 
C 1 2  0  0  0.243PF 
C 1 3  7  0  0.92PF 
C 1 4  1  0  0.389PF 
C 1 5  6  0  0. 108PF 
C1G  4  00. 182PF 
C 1 7  3  0  0. 185PF 

V I N 1  7  0  PULSE  <0V  5 V  5NS  0NS  0NS  10NS> 

VIN2  5  0  PULSE  ( 5V  0V  5NS  0NS  0NS  5NS  > 

VPASS  6  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VP1  10  0  PULSE  (0V  GV  4NS  0NS  0NS  2NS ) 

VP  1  BAR  11  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS ) 

■TRAN  0.5NS  40NS 

•  PLOT  TRAN  V ( 9  >  <0V.5V) 

•  END 
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11/28/04  ••••••••  SPICE  2G  .  1  U5OCT80>  *•••••••  1 3 1 40 » 

CMOS/SOS  P RECHARGED  RAH  CELL  TRANSIENT  ANALYSIS  -  010  INPUT 

Jrt 

TRANSIENT  ANALYSIS  TEMPERATURE  •  27.000  DEG  C 


0.  0*00 

5 . 000d- 1 0 
1 .0000-09 

I .  500d-09 
2 . 000d-09 

2 .  S00d-09 
3.0000-09 

3 . 5000- 09 
4.000d-09 
4 . 5080-09 
5.0090-09 
5.S00d-09 
6.0000-09 

6.5000- 09 
7 . 000d-09 
7 . 500d-09 
B.000d-09 

8 . 5000- 09 
9.0000-09 

9.5000- 09 

J.  0000-00 
I .0500-08 

1 . 1000- 08 
I. I 50d-08 
l . 2900-08 
1 .250d-08 
I .3900-98 
1 .350d-08 

1 . 4000- 08 
1 .450d-08 
1.5090-08 
1.5S9d-0O 

1 . 6000- 00 
I . 650d-08 

1. 7000- 00 

1 . 7500- 08 
1 .800d-08 
1 .C50d-08 
1 . 900d-08 
t . 950J-08 
2 . 000d-08 
2.0500-08 
2. I00d-08 
2. 150d-08 
2 . 2000-08 
2.2500-08 
2.300d-08 
2 . 350d-08 
2. 400d>08 
2.4500-00 

2 . 5000- 08 

2 . 5590-08 
2 . 600 d-08 
2 . 650d-08 
2 . 700d-08 

2 . 7500- 00 

2. 6000- 08 
2 . 8500-08 
2.900.J-08 

2. 9500- 00 
3.0000-08 
3 . 0500-00 

3. 1000- 00 
3 . 1 500-00 
3 . 200d-08 
3.250H-08 
3 . 300d-08 
3 . 3500-00 

3.4000- 08 
3 . 4S0J-0Q 

3.5000- 0B 
3.550d-08 

3.6000-08 
3.6500-00 

3.7000- 00 
3. 750d-08 

3. C00J-08 
3.0500-08 
3. 900d-08 

3.9500- 08 
4 . 000d-08 


2 . 5000*00  3.7500*00  5.0000*00 


5.0000*00 
5.000d*00 
S . 000d*00 

5.0000*00 
5.0000*00 
5.0000*00 
5 .0000*00 
5.0000*00 
5.0000*00 
5.0000*00 
5.0000*00 
4.8930*00 
4.5230*00 
4.1890*00 
3.8280*00 
3.4530*00 
3.0900*00 
2.7440*00 
2.4090*00 
2.1100*00 
1.8260*00 
1 . 5690*00 
1 .3440*00 
1. 1460*00 
9.7580-01 
8.2630-01 
6.9180-01 
5.8480-01 
4.8600-01 
4.076O-U1 
3.4120-01 
2.8130-01 
3.7450-01 
7.5250-01 
1. 1320*00 
1  .*05d*00 
1.8700*00 
2.2240*00 
2 . 555d*00 
2.865d*00 
3.  1470*00 
3 . 403d*00 
3.6260*00 
3.8280*00 
4.0100*00 
4. 168d*00 
4.2930*00 
4.4060*00 
4.5010*00 
4.5660*00 
4.6530*00 
4.7110*00 
4.7610*00 
4.8000*00 
4.8350*00 
4.8630*00 
4.9660*00 
4.9060*00 
4.9220*00 
4.9350*00 
4.9470*00 
4.9660*00 
4.9630*00 
4.9700*00 
4.9750*00 
4.9790*00 
4.9630*00 
4.9660*00  . 
4.9680*00 
4.9900*00 
4.9920*00 
4 . 9930*00 
4.9950*90 
4.9960*00 
4.9960*90 
4.9970*00 
4.9970*00 
4.9900*00 
4.9900*00 
4.9990*00 
4.9990*00 


Figure  B-21. 


SPICE  Plot  of  Precharged  RAM  Output 
Using  Basic  Transmission  Gate  Widths 
and  Input  010. 
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l»««****ll/23/34  ********  SPICE  2G .  1  USOCT30) 


13:49:57 


0  CMOS/SOS  PRECHARGED  RAM  CELL  TRANSIENT  ANALYSIS  -  101  INPUT 

a****  INPUT  LISTING  TEMPERATURE  *  27.000  DEG  C 

0*X*******»**X** ****•**«*******«•**•*•«»•*••*****«**»***•**••*****•*••*» 


.WIDTH  OUT=80 

.OPTIONS  I TL 1=500  I TL 5  =0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX=75NM  UO=400  NSUB=2.5E1S  LD-0.7UM) 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD-0.7UM) 

♦LEVEL* 1 

VDO  1  0  DC  5V 

Ml  4  3  0  0  NMOS  L*5.0U  W=15.0U 

M2  3  4  0  0  NMOS  L*5.0U  W-15.0U 

M3  4  6  5  0  NMOS  L»5.0U  W=5.0U 

M4  7  6  3  0  NMOS  L*5.0U  W=5.0U 

M5  1  3  4  1  PMOS  L*5.0U  W*30.0U 

M6  1  4  3  1  PMOS  L *5 . 0U  W»30.0U 

M7  1  10  9  0  NMOS  L=5.0U  W=5.0U 
M8  9  7  1  1  PMOS  L=5.0U  W-30.0U 
M9  9  11  1  1  PMOS  L  =  5 . 0U  W=10.0U 
M 10  0790  NMOS  L=5.0U  W=15.0U 
Cll  9  0  0.31PF 
C 1 2  0  0  0.243PF 
C 1 3  7  0  0.92PF 
C 1 4  1  0  0.389PF 
C 1 5  6  0  0. 10SPF 
C 1 6  4  0  0. 132PF 
C 1 7  3  0  0. 185PF 

V I N 1  7  0  PULSE  (5V  0V  5NS  0NS  0NS  10NS) 

VIN2  5  0  PULSE  ( 5V  0V  5NS  0NS  0NS  5NS > 

VPASS  6  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VP1  10  0  PULSE  <0V  5V  4NS  0NS  0NS  2NS> 

VP  1  BAR  11  0  PULSE  ( 5V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5N3  40NS 
•PLOT  TRAN  V 1 9 )  (0V.5V) 

•  END 


B-50 


3.75*4*0*  5.00*4*** 


*.  d*«0 

4.5184-08 

5 . *00d- l f 

4.5184-08 

1 . 000d-09 

4.5184-08 

1 .500d-09 

4.5184-08 

2.0*94-09 

4.5184-08 

2 . 50*4-09 

4.5184-08 

3.*0*d-«9 

4. SI  84-08 

3.50*4-09 

4.5184-08 

4.00*4-09 

4.5184-00 

4.50*4-09 

6.57*4-02 

m  m 

5.0*04-09 

2.6564-01 

m 

5.5004-09 

5.62*4-01 

• 

6.0004-09 

1 . 1114*00 

6.5004-09 

1 .63*4+0* 

7.0*04-09 

2 .0274+00 

7.50*4-09 

2.3704*00 

• . 0004-09 

2 . 6894+00 

0. 5004-99 

2 . 9644+00 

9.90*4-09 

3 . 2614+00 

9.5004-09 

3.4994*00 

1.000d-*8 

3.72*4*00 

1.05*4-08 

3.9154*00 

1.10*4-08 

4.96*4*0* 

1  .  1504-08 

4.2234**0 

1.20*4-08 

4.3434*0* 

1.25*4-08 

4.4484*** 

1.30*4-08 

4.5414*00 

1.35*4-88 

4.6144*0* 

1.4004-08 

4.6794*00 

1.4504-08 

4.7334*00 

1.5004-08 

4 . 777d*00 

1.5504-08 

4.8174*00 

1.6004-08 

4.7204*0* 

1.6504-08 

4.3414*00 

1.7004-08 

3.9624*00 

1 . 75*4-08 

3.5684*** 

1.80*4-08 

3.2204*00 

1 .8504-08 

2.8634*00 

1.9004-08 

2.5254*00 

1.95*4-08 

2.2094*00 

2.0904-08 

1 .9214*00 

2.0504-08 

1 .6574*** 

2.1004-08 

1.4294*00 

2.1504-08 

1.2194**0 

2.2004-08 

1 .0324*00 

2.25*4-08 

8.7604-01 

2.30*4-08 

7.3734-01 

• 

2.35 04-08 

6.2054-01 

• 

2.4004-08 

5.2134-01 

• 

2.45*d-08 

4.3244-01 

• 

2.5*04-08 

3.6364-01 

• 

2.55*4-08 

3.0254-01 

• 

2 . 60*4-08 

2.5054-01 

• 

2.65*4-08 

2.0964-01 

• 

2.70*4-08 

1.7314-01 

• 

2.75*4-08 

1.4394-01 

• 

2.8004-08 

1 . 1964-01 

.  • 

2.85*4-08 

9.0154-02 

2.9004-08 

8.1994-02 

• 

2.95*4-08 

6.7774-02 

,  * 

3.00*4-00 

5.5794-02 

3  .*5*4-08 

4.6604-02 

• 

3.10*4-08 

3.8244-02 

• 

3.1504-08 

3.1694-02 

• 

3 . 2004-08 

2.6284-02 

• 

3.2504-08 

2.1624-02 

• 

3.30*4-08 

1.7954-02 

• 

3.3504-08 

1.4614-02 

• 

3.4004-08 

1.2104-02 

• 

3.4504-00 

1 .0144-02 

0 

3.5004-08 

8.3344-03 

0 

3 . 550d-08 

6.9024-03 

3.6004-08 

5.7194-03 

0 

3.6504-08 

4.6614-03 

0 

3 . 7*0d-08 

3.9044-03 

• 

3.7504-08 

3.2204-03 

0 

3.80*4-08 

2.6474-03 

• 

3.8504-08 

2.2044-03 

• 

3 . 908d-08 

1.81 14-03 

• 

3.9504-08 

1 .4994-03 

• 

4. *0*4-08 

1 .2304-03 

Figure  B-22.  SPICE  Plot  of  Precharged  RAM  Cell 

Output  Using  Basic  Transmission  Gate 
and  Input  101. 


1«*«****1 1/23/34  *«**•**«  SPICE  2G.1  (1SOCT30) 


»***»***12!44:4S***** 


0  CMOS/SOS  PRECHARGED  RAM  CELL  TRANSIENT  ANALYSIS  -  010  INPUT  - 

0**«*  INPUT  LISTING  TEMPERATURE  *  27.000  DEG  C 

0* ************** ***********************************************«**«****, 


•WIDTH  OUT-80 

•OPTIONS  ITL 1=500  ITL5-0 

•MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E1S  LD-0.7UM) 

♦  LEVEL  *  1 

•MODEL  PMOS  PMOS  (VTO--1V  TOX-7SNM  UO-200  NSUB-3EI5  LO-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  SV 

Ml  4  3  0  0  NMOS  L-5.0U  W-15.0U 

M2  3  4  0  0  NMOS  L-5.0U  W-15.0U 

M3  4  6  5  0  NMOS  L-S.0U  W-5.0U 

M4  7  6  3  0  NMOS  L-5.0U  W-5.0U 

M5  1  3  4  1  PMOS  L-5.0U  W-30.0U 

MG  1  4  3  1  PMOS  L-5.0U  W-30.0U 

M7  1  10  9  0  NMOS  L  =5 . 0U  W-10.0U 
M8  9  7  1  1  PMOS  L=5.0U  W-30.0U 
M9  9  11  1  1  PMOS  L-5.0U  W-20.0U 
M10  0  7  9  0  NMOS  L  =  5 . 0U  W-15.0U 
Cll  9  0  0.31PF 
C 1 2  0  0  0.243PF 
C 1 3  7  0  0.92PF 
C 1 4  1  0  0.389PF 
C 1 5  6  0  0.108PF 
C16  4  0  0. 182PF 
C 1 7  3  0  0. 135PF 

V I N 1  7  0  PULSE  <0V  5  V  5NS  0NS  0NS  10NS) 

VI N2  5  0  PULSE  ( 5 V  0V  5NS  0NS  0NS  5NS  ) 

VPASS  6  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VP1  10  0  PULSE  (0V  5V  4NS  0NS  0NS  2NS ) 

VP  1  BAR  11  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS ) 

•TRAN  0.5N3  40NS 
•PLOT  TRAN  V( 9 )  (0V.5V) 

•  END 


1 Z  1 44  i  4 Ct ’ 


(•••«•••!  1/28/84  *•••••*•  SPICE  2C.I  U5OCT00) 

0  CMOS/SOS  PRECMARCED  RAM  CELL  TRANSIENT  ANALYSIS  -  ft*  INPUT  -  WIDTH  X2 

«Z 

«**•*  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  DEG  C 


X 

TIME  V<9> 

X  f.  d 1 . 2S0d«00  2.500d*00  3.7S0d»00  5.000d*00 


0.  d *00 

5 . 000d*00  . 

5.000d-l0 

5.000d«00  . 

1 . 000d-09 

5 . 0P0d*00  . 

1 .500d-09 

5 . 000d  *00  . 

2.000d-09 

5.000d+00  . 

2.500d-09 

5.000d«00  . 

3 . 000d-09 

5.000d*00  . 

3 . 500d-09 

5 . 0F0d*08  . 

4 . 000d-09 

5 . 000d*00  . 

4 . 500d*09 

5.0F0d*00  . 

5 . 060d-09 

5 . 000d*00  . 

5 . 500d-09 

4.894d>00  . 

6 . 000d-09 

4 . 552d>00  . 

6.500d-09 

4.241d*00  . 

7.000d-09 

3 . 898d*00  . 

7 . 500d-09 

3 . 5?0d+00  . 

9 . 000 d-09 

3 . 1 54d*00  . 

8.S00d-09 

2 . 804d+00  . 

9.000d-09 

2 . 4fc7d+00  . 

9.500d-09 

2 . 1 63d+00  . 

1 . 000d-00 

I . 87 4d+00  . 

I .050d-08 

I . 61Zd+00  . 

1 . 100d-08 

1 . 362d*00  . 

#  • 

t . 150d-08 

I.l60d»00  . 

• 

1 .200d-08 

1.00Sd«0f  . 

• 

I . 250d-08 

8 . 5 1 7d-01  . 

• 

I .300d-00 

7 . 135d-0I  . 

• 

1 .350d-08 

6 . 034d-01  . 

* 

I .400d-08 

5.037d-01  . 

• 

1  .  450d-08 

4.210d-0I  . 

• 

1 .500d-08 

3 . 525d-01  . 

• 

1 .550d-08 

2 . 907d-01  . 

• 

1 .600d-08 

3.832d-01  . 

• 

1 .650d-0B 

7.62Zd-01  . 

• 

I .700d-08 

1  . 1 4  I d ♦ 00  . 

• . 

1 ,750d-09 

1.51 3d*00  . 

1  . G00d-08 

1 . 0700*00  . 

1 .0S0d-08 

2 . 232d*00  . 

1 .90Od-08 

2.5t3d*00  . 

1  . 950<J-08 

2 . 8 7 2d*08  . 

2.009d-0O 

3 . 1 5 3d *08  . 

2.050d-08 

3.408d*00  . 

Z. 10«d-08 

3.63 1 d*00  . 

2. I50d-08 

3. 033d*00  . 

2 . 200d-08 

4.01 4d*00  . 

2.ZS0d-0O 

4 . 1 feZd*00  . 

Z . 300d-08 

4 . 296d*00  . 

2 . 3S0d-0O 

4.409d*00  . 

2 . 400d-08 

4.503d*00  . 

2 . 450d-08 

4 . 588d*00  . 

2 . 500d-08 

4 . S54d*00  . 

2 . 5O0d-08 

4.71 Zd*00  . 

2 . 600d-0B 

4 . 762d*00  . 

2.650d-08 

4.801d«00  . 

2 . 700d-08 

4 . 035d*00  . 

2.750d-08 

4.8t3d*00  . 

2.800d-08 

4 . 866d*00  . 

2.850d-08 

4 . 907d*00  . 

2.900J-0O 

4 . 9Z2d*0&  . 

2.9O0d-00 

4 . 936d*00  . 

3.00Od-08 

4 . 94  7d*00  . 

3.050d-00 

4 . 956d*f 0  . 

3. 108d-00 

4 . 9E4d*00  . 

3. 150d-0Q 

4.970d*00  . 

3 . 200d-00 

4 . 975d*00  . 

3.250d-08 

4.980d«00  . 

3.309d-0O 

4.9t3d*00  . 

3. 350d-08 

4.9*6d»00  . 

3 . 400*1-00 

4.980d«09  . 

3 . 450J-0O 

4 . 990d*00  . 

3. 500 d -08 

4.992d*00  . 

3 . 5O0d-0O 

4 . 993d*  00  . 

3.600J-0O 

4 . 995d*00  . 

3 . 6S0d-08 

4 . 9?6d«00  . 

3.700d-0O 

4 . 996d*00  . 

3. 750J-08 

4.997d*08  . 

3 .  C00d-08 

4 . 997d*00  . 

3 .  E50d-09 

4 . 999d*00  . 

3 . 9OBJ-00 

4 . 990d*00  . 

3 . 950d-0Q 

4.9«9d*00  . 

4.000d-08 

4 . 999d*00  . 

Figure  B-23.  SPICE  Plot  of  Precharged  RAM  Cell 

Output  with  Input  010  and  Transmission 
Gate  Widths  Twice  the  Basic  Widths. 


1*******1 i/28/84  ********  SPICE  2G.1  (15OCT80) 


12:50:54***** 


0  CMOS/SOS  PRECHARGED  RAM  CELL  TRANSIENT  ANALYSIS  -  101  INPUT  - 

0*"**  INPUT  LISTING  TEMPERATURE  »  27.000  DEG  C 

0* ************** ******************************************************* 


.WIDTH  OUT *80 

.OPTIONS  ITL1-500  ITL5-0 

•MODEL  NMOS  NMOS  <VT0=1V  TOX*75NM  UO=400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL* 1 

•MODEL  PMOS  PMOS  <VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD*0.7UM) 

♦  LEVEL  *  1 

VDD  1  0  DC  SV 

Ml  4300  NMOS  L-5.0U  W-15.0U 
M2  3  4  0  0  NMOS  L*S.0U  W-15.0U 

M3  4  6  5  0  NMOS  L*5.0U  W=5.0U 

M4  7  6  3  0  NMOS  L-5.0U  W-5.0U 

M5  1  3  4  1  PMOS  L*5.0U  W=30.0U 

M6  1  4  3  1  PMOS  L-5.0U  W-30.0U 

M7  1  10  9  0  NMOS  L-5.0U  W-10.0U 
M8  9  7  1  1  PMOS  L=5.0U  W=30.0U 
M9  9  11  1  1  PMOS  L*5.0U  W-20.0U 
M 1 0  0790  NMOS  L=5.0U  W=15.0U 
Cl  1  9  0  0.81PF 
C 1 2  0  0  0.243PF 
C 1 3  7  0  0.32PF 
C 1 4  1  0  0.389PF 
C15  6  0  0. 108PF 
C 1 6  4  0  0. 182PF 
C17  3  0  0. 185PF 

V I N 1  7  0  PULSE  (5V  0V  5NS  0NS  0NS  10NS) 

VIN2  5  0  PULSE  <5V  0V  5NS  0NS  0NS  5NS  ) 

VPASS  6  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS> 

VP1  10  0  PULSE  <0V  SV  4NS  0NS  0NS  2NS  ) 

VP  1  BAR  11  0  PULSE  ( 5 V  0V  4NS  0NS  0NS  2NS  > 

•TRAN  0.5NS  40NS 
•PLOT  TRAN  V ( 9 )  <0V,5V> 

•  END 


!«*«««**! 1/28/84  ****««*»  SPICE  2G .  1  (15OCT80) 


12:44: 57***“* 


0  CMOS/SOS  PRECHARGED  RAM  CELL  TRANSIENT  ANALYSIS  -  010  INPUT  - 

0*-'**  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0* *«**»****»«»** ******************************************************* 


.WIDTH  OUT-80 

.OPTIONS  I TL 1=500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E1G  LD-0.7UM) 
♦LEVEL-1 

•  MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E 1 5  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  4  3  0  0  NMOS  L-5.0U  W-15.0U 

M2  3  4  0  0  NMOS  L-5.0U  W-15.0U 

M3  4  6  5  0  NMOS  L-5.0U  W-5.0U 

M4  7  6  3  0  NMOS  L-5.0U  W-5.0U 

M5  1  3  4  1  PMOS  L-5.0U  W-30.0U 

M6  1  4  3  1  PMOS  L-5.0U  W-30.0U 

M7  1  10  9  0  NMOS  L-5.0U  W-15.0U 
M8  9  7  1  1  PMOS  L-5.0U  W-30.0U 
M9  9  11  1  1  PMOS  L-5.0U  W-30.0U 
M 1 0  0790  NMOS  L-5.0U  W-1S.0U 
Cll  9  0  0.81PF 
C 1 2  0  0  0.243PF 
C 1 3  7  0  0.92PF 
C 1 4  1  0  0.389PF 
CIS  6  0  0. 108PF 
C 1 6  40  0. 182PF 
C 1 7  30  0. 185PF 

V I N 1  7  0  PULSE  (0V  5V  5NS  0NS  0NS  10NS) 

VIN2  5  0  PULSE  <5V  0V  5NS  0NS  0NS  5NS  ) 

VPASS  6  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VP1  10  0  PULSE  (0V  5V  4NS  0NS  0NS  2NS ) 

VP  1  BAR  11  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 
.PLOT  TRAN  V ( 9 )  (0V.5V) 


/2fl/34  •••**•*•  SPICE  2C.1  C  15OCTB0)  •••••*••  1 2  1 44  i  S7***** 

0  CMOS/SOS  PR  ECHARCEO  RAH  CEU  TRANSIENT  ANALYSIS  -  *1*  INPUT  -  WIDTH  X3 

AJ 

!*•••  TRANSIENT  ANALYSIS  TEMPERATURE  •  27 .000  OEC  C 

••••••••••••••••»••••••• . . 


TIME 

VIS) 

9.  6*99  1 . 

f.  d*ll 

S . 9996*99  . 

5.000d-  If 

5.9886*08  . 

1  .  IVVd-09 

5 . 000d*00  . 

1  .  500d-09 

5 . 0986*90  . 

2.000d-09 

5 .9996*99  . 

2 . 500d-09 

S . 9996*99  . 

3 . 000d-09 

5.9896*00  . 

3 . 500d-09 

5.9996*99  . 

4.000d-09 

5.9996*99  . 

4 . 500d-09 

5.9996*99  . 

5 . 000d-09 

5.9996*99  . 

5 . 500d*09 

4.896 6*99  . 

6 ,000d-09 

4.5796*99  . 

6.500d-09 

4 . 2£8d+00  . 

7 . 000d-09 

3.967d*00  . 

7 . 500d-09 

3 . 580d+00  . 

8 . 000d-09 

3.213d*00  . 

8.500d-09 

2 . 960d*00  . 

5 . 000d-09 

2.51 9d*00  . 

9.500d-09 

2.21 2d«00  . 

1  . 000d-08 

1.919d*00  . 

1 . 050d-08 

1  . 652d*00  . 

1 . 1 00d-08 

1.418d*00  . 

1  .  150d-08 

1.21 ld+00  . 

l .200d-08 

1 .0336*99  . 

1 . 250d-08 

8.754d-01  .  • 

1 .30fd-00 

7 . 339d-0l  .  • 

1 . 350d-08 

6 . 209d-0 1  .  • 

1 . 400d-08 

5.t0Sd-0I  .  • 

1 . 450d-08 

4.33Sd-0!  .  • 

1 . 500d-08 

3.63 1 d-01  .  • 

l .550d-08 

2 . 9?5d-0l  .  • 

1 . 600d-0B 

3.91 4d-0 1  .  * 

1 . 650d-00 

7.704d-01  .  • 

1 .700d-08 

1 . 1 49d«00  . 

1 .7S0d-08 

1 .Slid *00  . 

1.8806-09 

1 . 966d*90  . 

1 .8S0d-08 

2 . 239d*00  . 

1 .900d-08 

2 . 570d»00  . 

1  .  950d-08 

2 . 8  78d*00  . 

2 . 000d -08 

3 . I 59d»00  . 

2 . 050d-00 

3 . 4 1  3d* 00  . 

2. 1 00d-00 

3 . 636d+00  . 

2. 1 50d-00 

3.837d*00  . 

2 . 200d-00 

4.01 8d  +  00  . 

2 . 250d-08 

4 . 1 (5d»00  . 

2.300d-00 

4.2996*90  . 

2 . 350d-00 

4.4116*90  . 

2 . 400d-08 

4.5956*90  . 

2.450d-00 

4 . 569d*00  . 

2 . 500d-08 

4.6566*00  . 

2 . 550d-08 

4.713 6*90  . 

2.600d-08 

4.763 6*90  . 

2 . 650d-08 

4.9926*90  . 

2. 700d-08 

4.9266*90  . 

2. 750d-08 

4.9646*09  . 

2.000d-08 

4.9676*99  . 

2.850d-0f 

4.3976*99  . 

2.900d-08 

4.9226*09  . 

2 . 9G0d-00 

4.9266*00  . 

3 . 000d-08 

4 . 94  7d*00  . 

3 . 050d-00 

4.9!6d*00  . 

3.  100d-O8 

4 . 964d+00  . 

3  .  1  50d-08 

4 . 970d*00  . 

3 . 200 d -00 

4.975d*00  . 

3.2C0d-88 

4.9B0d*00  . 

3 . 30fd-00 

4 . 963d+00  . 

3. 3C0d-08 

4 . 9f 6d*00  . 

3. 400d-08 

4 . 91 9d  *80  . 

3 . 4O0d- 00 

4.9?0d*00  . 

3.S00J-08 

4.992d»00  . 

3.5S0d-08 

4.993d*00  . 

3 . 6O0d-08 

4 . 995d*00  . 

3.6596-09 

4 . 996d*00  . 

3. 700d-00 

4 . 996d*00  . 

3. 7O0d-08 

4 . 997d*00  . 

3 . 800d-00 

4 . 998d*f 0  . 

3.850d-00 
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Figure  B-25.  SPICE  Plot  of  Precharged  RAM  Cell 

Output,  with  Input  010  and  Transmission 
Gate  Widths  Tripled. 
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0  CMOS/SOS  PRECHARGED  RAM  CELL  TRANSIENT  ANALYSIS  -  10  1  INPUT  -  ' 

INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0* **««********»•»■*»*****»«*»»********»*•**«»**********»»»«»«***»**»*»** 


.WIDTH  OUT-80 

.OPTIONS  ITL 1=500  ITL5=0 

•MODEL  NMOS  NMOS  (VT0=1V  TOX»75NM  UO=400  NSUB=2.5E16  LD-0.7UM) 
+LEVEL= 1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUe=3E15  LD=0.7UM> 

♦  LEVEL  =  1 
VDD  1  0  DC  5V 

Ml  4300  NMOS  L-5.0U  V=15.0U 
M2  3  4  0  0  NMOS  L-5.0U  W-15.0U 

M3  4  6  5  0  NMOS  L=5.0U  W=5.0U 

M4  7  6  3  0  NMOS  L=5.0U  W=S.0U 

M5  1  3  4  1  PMOS  L=5.0U  W=30.0U 

M6  1  4  3  1  PMOS  L=5.0U  W-30.0U 

M7  1  10  9  0  NMOS  L*5.0U  W=15.0U 
M8  9  7  1  1  PMOS  L=5.0U  W=30.0U 
M9  9  11  1  1  PMOS  L  =  5 . 0U  W=30.0U 
M 10  0  7  9  0  NMOS  L  =  5 . 0U  W= 1 5 .  U 
Cll  9  0  0.81PF 
C 1 2  0  0  0.243PF 
C 1 3  7  0  0.92PF 
Cl  4  1  0  0.389PF 
C 1 5  G  0  0. 108PF 
C 1 6  4  0  0. 182PF 
C 1 7  30  0. 185PF 

V I N 1  7  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS) 

VIN2  5  0  PULSE  ( 5V  0V  5NS  0NS  0NS  5NS ) 

VPASS  6  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VP1  10  0  PULSE  (0V  5V  4NS  0NS  0NS  2NS  ) 

VP  1  BAR  11  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5N3  40NS 
•PLOT  TRAN  V ( 9 )  (0V.5V) 

.END 
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Figure  B-26. 


SPICE  Plot  of  Precharged  RAM  Cell  with 
Input  101  and  Transmission  Gate  Widths 
Tripled. 
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Appendix  C 

This  appendix  contains  SPICE  simulation  data  on  the 
three  sections  of  the  ALU  bitslice  circuit. 

Each  basic  section  was  simulated  first,  then  two 
different  precharge  configurations  were  simulated  for  each 
section.  The  first  section  was  simulated  with  precharge  of 
its  two  output  lines  and  with  precharge  of  four  internal 
nodes.  The  second  section  was  simulated  with  precharge  of 
its  single  output  node  and  with  precharge  of  two  internal 
nodes.  The  third  section  was  simulated  with  precharge  of 
its  single  output  and  with  precharge  of  four  internal  nodes. 
For  each  precharge  configuration,  simulations  were  performed 
using  basic  transmission  gates,  transmission  gates  with 
twice  the  basic  transmission  gate  widths  and  with 
transmission  gate  widths  three  times  the  basic  widths. 


For  each  circuit  configuration,  both  010  and  101  inputs 
were  applied  to  the  circuit  inputs  to  permit  evaluation  of 
the  low-to-high  and  high-to-low  signal  waveform  transitions. 


Figure  C-l.  Basic  Section  1  CLL  Plot. 


Figure  C-2.  Basic  Bitslice  Section  1  Node  Plot. 
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CMOS/COS  EACIC  SECTION  1  TRANSIENT  ANALYSIS  -  OUTPUT  101 


INPUT  LISTING 


TEMPERATURE 


27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  ITL 1 *500  1TL5-0 

.MODEL  NMOS  NMOS  (VT0=1V  TOX=75NM  UO=400  NSUB=2.5E1G  LD=0.7UM> 
+  LEVELM 

.MODEL  PMOS  PMOS  <VT0=-1V  TOX=75NM  UO=200  NSUB-3E15  LD-0.7UM) 
+LEVEL-1 


VDO  1  0  DC  5V 

Ml  1  3  2  1  PMOS  L-S.0U  W-10.0U 

M2  5  3  2  0  NMOS  L=5.0U  W=30.0U 

M3  7  6  5  0  NMOS  L-5.0U  W-30.0U 

M4  1  6  2  1  PMOS  L=5.0U  W«10.0U 

M5  1  2  8  1  PMOS  L-S.0U  W-10.0U 

MG  0  9  7  0  NMOS  L*5.0U  W=30.0U 

M7  12  1100  NMOS  L=5.0U  W«15.0U 
M8  12  2  8  0  NMOS  L=5.0U  W-15.0U 
M9  1  11  8  1  PMOS  L*5.0U  W=10.0U 
M10  1921  PMOS  L-5.0U  W-10.0U 
Mil  19111  PMOS  L=5.0U  W=10.0U 
M 1 2  13  9  11  0  NMOS  L=5.0U  W=30.0U 
M 1 3  15  14  13  0  NMOS  L=5.0U  W=30.0U 
Ml  4  1  14  11  1  PMOS  L  =  5 . 0U  W=10.0U 

Ml  5  0  16  15  0  NMOS  L  =  5 . 0U  W=30.0U 

MIG  18  17  G  0  NMOS  L=S.0U  W-5.0U 

M 1 7  1  16  11  1  PMOS  L  =5 . 0U  W=10.0U 

Ml  3  18  19  G  1  PMOS  L-5.0U  W-10.0U 

M 1 9  0  6  16  0  NMOS  L=5.0U  W*15.0U 
M20  1  G  1G  1  PMOS  L  =  5 . 0U  W=30.0U 
M2!  1  1G  20  1  PMOS  L=5.0U  W=10.0U 
M22  22  21  0  0  NMOS  L=5.0U  W=15.0U 
M23  22  16  20  0  NMOS  L=5.0U  W»15.0U 
M24  1  20  23  1  PMOS  L=5.0U  W=10.0U 

M25  1  21  20  1  PMOS  L=5.0U  W-10.0U 

M26  24  20  23  0  NMOS  L=5.0U  W=30.0U 
M27  0  25  9  0  NMOS  L=5.0U  W- 1 5 . 0U 
M28  27  26  21  0  MHOS  L=5.0U  W=30.0U 
M29  1  25  9  1  PMOS  L=5.0U  W-30.0U 
M30  1  26  23  1  PMOS  L=5.0U  W=10.0U 

M3!  1  23  2G  1  PMOS  L=5.0U  W=10.0U 

M32  29  17  25  0  NMOS  L=5.0U  W=5.0U 
M33  0  25  27  0  NMOS  L=5.0U  W=30.0U 
M3 4  30  6  0  0  NMOS  L  =  5.0U  W=15.0U 
M35  30  23  26  0  NMOS  L=5.0U  W=15.0U 
M3G  1  G  26  1  PMOS  L=5.0U  W=10.0U 
M37  29  19  25  1  FMOS  L=5.0U  W=10.0U 
M33  1  25  23  1  PMOS  L=5.0U  W=10.0U 
C39  1  0  0. 1 143PF 
C40  25  0  0.207PF 
C41  17  0  0.51PF 
C42  0  0  0. 1 1 74PF 
C43  G  0  0.297PF 
C44  23  0  0. 131PF 
C45  26  0  0. 1 1 1PF 
C46  27  9  0.OGPF 
C47  9  0  0. 202. "F 


C48  20  0  0. 121PF 

C''9  !  6  0  0. 15  IPF 

CG0  11  0  0. I71PF 

Col  15  0  0.3GPF 

C52  200. 172PF 
C53  800. 134PF 
C54  7  0  0.36PF 

VA0  29  0  PULSE  <0V  5V  0NS  0NS  0NS  10NS) 

VE0  13  0  PULSE  { 0V  0V  0NS  0NS  0NS  10NS) 

VPH !  1  17  0  PULSE  C5V  5V  0NS  0NS  0NS  10NS> 

VPH I  1  BAR  19  0  PULSE  ( 0V  0V  0NS  0NS  0NS  10NS> 
VS0  23  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VS1  21  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS> 

VS2  3  0  PULSE  C5V  5V  0NS  0N3  0NS  10NS) 

VS3  14  0  PULSE  <5V  5V  0NS  0NS  0NS  10NS) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V<8>  V<23>  (0V.5V) 
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Figure  C-3.  SPICE  Plot  Basic  Section  1  Input  010 
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0  CMOS/SOS  BASIC  SECTION  1  TRANSIENT  ANALYSIS  -  OUTPUT  010 

0**»*  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT»80 

.OPTIONS  ITL1-500  ITL5=0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX-75NM  UO=400  NSUB-2.5E1S  LD«0.7UM) 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB-3E15  LD-0.7UM) 

♦LEVEL* 1 

VDD  1  0  DC  SV 

Ml  1  3  2  1  PMOS  L-5.0U  W-10.0U 

M2  5  3  2  0  NMOS  L-5.0U  W-30.0U 

M3  7  6  5  0  NMOS  L-5.0U  W=30.0U 

M4  1  6  2  1  PMOS  L  =  5 . 0U  W-10.0U 

M5  1  2  8  1  PMOS  L-5.0U  W*10.0U 

M6  0  9  7  0  NMOS  L-5.0U  W=30.0U 

M7  12  11  0  0  NMOS  L=5.0U  W-15.0U 
M8  12  2  8  0  NMOS  L=5.0U  W-15.0U 
M9  1  J 1  8  1  PMOS  L-5.0U  W-10.0U 
M 10  1921  PMOS  L-5.0U  W-10.0U 
Mil  1  9  11  1  PMOS  L=5.0U  W*10.0U 
Ml  2  13  9  11  0  NMOS  L-5.0U  W-30.0U 
M 1 3  15  14  13  0  NMOS  L=G.0U  W*30.0U 
Ml  4  1  14  11  1  PMOS  L  =  5.0U  W-10.0U 

Ml  5  0  16  15  0  NMOS  L*5.0U  W=30.0U 

Ml  6  18  17  6  0  NMOS  L=5.0U  W=5.0U 

Ml  7  1  16  11  1  PMOS  L  =  5 . 0U  W=10.0U 

Ml  3  18  19  6  1  PMOS  L=5.0U  W=10.0U 

M19  0  6  16  0  NMOS  L=5.0U  W-15.0U 
M20  1  6  16  1  PMOS  L  =  5 . 0U  W-30.0U 
M2 1  1  16  20  1  PMOS  L  =  5 . 0U  W=10.0U 
M22  22  21  0  0  NMOS  L=5.0U  W-15.0U 
M23  22  16  20  0  NMOS  L-5.0U  W- 1 5 . 0U 
M2 4  1  20  23  1  PMOS  L  =  5.0U  W-10.0U 

M25  1  21  20  1  PMOS  L=5.0U  W-10.0U 

M26  24  20  23  0  NMOS  L*5.0U  W-30.0U 
M27  0  25  9  0  NMOS  L=5.0U  W*15.0U 
M28  27  26  24  0  NMOS  L-5.0U  W-30.0U 
M29  1  25  9  1  PMOS  L=5.0U  W=30.0U 
M30  1  26  23  1  PMOS  L»5.0U  W-10.0U 

M3 1  1  23  26  1  PMOS  L  =  5.0U  W*10.0U 

M32  29  17  25  0  NMOS  L=5.0U  W*5.0U 
M33  0  25  27  0  NMOS  L=5.0U  W=30.0U 
M34  30  6  0  0  NMOS  L=5.0U  W-15.0U 
M35  30  23  26  0  NMOS  L=5.0U  W=15.0U 
M36  1  6  26  1  PMOS  L=S.0U  W-10.0U 
M37  29  19  25  1  FMOS  L=5.0U  W-10.0U 
M33  1  25  23  1  PMOS  L=5.0U  W*10.0U 
C39  100. 1143PF 
C 40  25  0  0.207PF 
C41  17  0  0.51PF 
C42  000. 1 174PF 
C43  6  0  0.297PF 
C44  23  0  0. 134PF 
C45  26  0  0. 1 1 1PF 
C46  27  0  0.86PF 


C47  9  0  0.202PF 
C-',3  20  0  0. 1 2 1 P F 

C  '9  16  0  0. 151PF 

C:;7  11  0  0. 171PF 

CGI  15  J  0.3GPF 

C52  200. 172PF 
C53  800. 134PF 
C54  7  0  0.36PF 

VA0  29  0  PULSE  <5V  0V  0NS  0NS  0NS  10NS) 

VB0  18  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VPHI1  17  0  PULSE  <  5 V  5V  0NS  0NS  0NS  10NS) 

VPH I  1  EAR  19  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS > 
VS0  23  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS1  21  0  PULSE  !0V  0V  0NS  0NS  0NS  10NS) 

VS2  3  0  PULSE  (EV  5V  0NS  0NS  0NS  10NS> 

VS3  14  0  PULSE  <5V  5V  0NS  0NS  0NS  10NS> 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V( 3 )  V(23)  (0V.5V) 


0 

£•••• 


I' 


12/71/94  ••••••*•  SPICE  2C.1  I1SOCT80)  ••••••*•*0 » 1 9 «»9- 

C NOS/SOS  BASIC  SECTION  1  TRANSIENT  ANALYSIS  ~  OUTPUT  010 
TRANSIENT  ANALYSIS  TEMPERATURE  •  27.000  DEC  C 


0LE6ENO i 


•t  VI  8  > 

♦i  VI23I 
X 

TIME  VIB) 

X(**> -  9.  d*00  1 . 2596+89  2 . 500 d*00  3.750d*00  S.f«fd*«f 


0.  d«00 

9 . 025d-08 

X 

5 . 000d- 10 

9.0354-08 

X 

1 . 000d-f 9 

9 . 0354-08 

X 

I . 500d-09 

9 . 03Sd-0O 

X 

2.00fd-09 

9.035d-08 

X 

2 . 500d-09 

9.03Sd-08 

3.000d-09 

9.035d-0B 

•  4 

3 . S09d-09 

9.040d-00 

•  ♦ 

4 . 000d-09 

9 . 066d-08 

•  ♦ 

4 . $00d~09 

9 . 1 25d-00 

•  ♦ 

5.000d-09 

2. 153d-05 

•  ♦ 

5.$00d-09 

2 . 957d-03 

•  ♦ 

6.008d-09 

3 . 077d-02 

•  ♦ 

C .  500d-09 

1  . !98d-01 

.  •  ♦ 

7 . 000 d-09 

2 . 668d-01 

•  4 

7 . 500d-09 

6 . 1 3 ld-0 1 

• 

4 

8.000d-09 

I . 033d+90 

• 

4 

8 .500d-09 

l.S79d«00 

X 

9.000d-09 

2. 16Bd*00 

9 . 500d-09 

2. 7550400 

1 . 900d-08 

3.274 d*M 

I .050d-08 

3.7286+99 

I . 100d-08 

4.0680400 

1 .150  1-08 

4.3300400 

1.2096-89 

4 . 5284+98 

1 .250d-08 

4 . 663d*00 

1 . 309d-08 

4 . 774d*00 

1 .350d-08 

4.8400400 

1 ,400d-09 

4 . 893d*00 

4 

1 . 450d-08 

4 . 9270400 

.  4 

1 .S00d-08 

4.950d«00 

4  . 

I  .  550d-08 

4.9670*00 

4 

1.0006-89 

4.9760*00 

4 

1 .650d-00 

4 . 9640*90 

4 

1 .700d-08 

4 . 96 1  d*00 

4 

t . 750d-08 

4.9560*00 

4 

1 . 808d-08 

4 .8400400 

4 

I .850J-08 

4.6164+89 

4 

1 .900d-08 

4.24Id +08 

,  4 

1 .950d-08 

3.733d *00 

.  4 

2.000d-0B 

3.  1  2  2d*90 

.  4 

2 . 050d-08 

2 . 4690400 

.  4 

2. 100(1-08 

1 .855d*00 

.  4 

2 . 1 50d-08 

1 .3154*00 

4 

.  • 

2 . 200d-0B 

8 . 356d-0 1 

4  • 

2.250.J-08 

5. 442d-0l 

4  • 

2 . 300d-08 

3 . 204d-0I 

4  • 

2.350d-08 

1 . 7914-01 

4  • 

2 . 400d-08 

1 .04  3d-0I 

4* 

2.450d-00 

5.720d-02 

4  4 

2 . 500d-08 

3. I85d-02 

X 

2.S50J-08 

1 .6954-02 

X 

2.600d-08 

I . 01 9d-92 

X 

2  •  650d-08 

5 . 344d-03 

X 

2. 700d-00 

2.8004-03 

X 

2 . 750d-00 

1 .6150-03 

X 

2 . 800d-08 

8. 149d-04 

X 

2 . 8S0d-0O 

4.5990-04 

X 

2 . 900d-08 

2 . 505d-04 

X 

2.950d-98 

l.227d-04 

X 

3 .008(1-00 

7 . 3560-05 

X 

3 . 050d-08 

3.837d-05 

X 

3.1004-08 

2.008d-95 

X 

3. 1 504-00 

1 . 1604-95 

X 

3  .  c00d-08 

9 . 0614-06 

X 

3 . 250J-OO 

3.356d-06 

X 

3.300(1-00 

1 .8670-06 

X 

3.350d-08 

9 . 5904-07 

X 

3.40OJ-0O 

6.11 0d-07 

X 

3 . 450d-0O 

3.61 6d-07 

X 

3 . 500d-88 

2 . 3204-07 

X 

3 . 5S0d-08 

1 . 719d-07 

X 

3 . 600J-08 

1 .3l4d-07 

X 

3 . 650d-08 

1 . 1 35d-07 

X 

3. 7004-00 

1 ,029d-07 

X 

3 . 750d-00 

9 . 66  Id-08 

X 

3 . 8004-08 

9 . 404d-08 

X 

3. 0504-00 

9 . 2?7d-08 

X 

3.900d-00 

9. 135d-0B 

X 

3. 9501-08 

9.0934-08 

X 

4.0094-00 

9.06 3d-00 

X 

Figure  C-4.  SPICE  Plot  Basic  Section  1  with  Input  101 


Table  02 


BITSLICE  SECTION  1  PRECHARGED  AT  TWO  NODES  -  NODE  REFERENCE  LIST 


GND 

Vdd 

NMOS 

PMOS 

10 

132 

1 

101 

125 

96 

115 

114 

8 

107 

39 

6 

76 

104 

89 

85 

84 

52 

4 

71 

5 

46 

45 

57 

41 

3 

20 

26 

21 

14 

23 


0 


0 


2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


C-ll 


t*******12/01/84 


SPICE  2G. 1  < 15OCT80) 


05:08:19***** 


0  CMOS/SOS  BITSLICE  SECTION  1  PRERCHARGED  AT  TWO  NODES  -  OUTPUT  101 

0****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0*****************************.******«*>*»************.****  ****.»«*•**•*** 


.WIDTH  OUT-80 

•OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO=400  NSUB-2.5E16  LD-0.7UM) 
♦  LEVEL  =  1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-5.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-5.0U 

M3  2  6  1  1  PMOS  L-5.0U  W-10.0U 

M4  5  6  1  1  PMOS  L-5.0U  W-10.0U 

M5  1  8  7  1  PMOS  L-5.0U  W-10.0U 

M6  9  8  7  0  NMOS  L-5.0U  W-30.0U 

M7  11  10  9  0  NMOS  L-S.0U  W-30.0U 
M8  1  10  7  1  PMOS  L-5.0U  W-10.0U 
M9  1  7  5  1  PMOS  L-5.0U  W-10.0U 
M10  0  12  110  NMOS  L-5.0U  W-30.0U 
Mil  15  14  0  0  NMOS  L-S.0U  W-15.0U 
Ml 2  15  7  5  0  NMOS  L-5.0U  W-15.0U 
Ml  3  1  14  5  1  PMOS  L  =  S.0U  W-10.0U 
Ml  4  1  12  7  1  PMOS  L  =  5.0U  W-10.0U 
Ml  5  1  12  14  1  PMOS  L-5.0U  W-10.0U 
MIS  IS  12  14  0  NMOS  L-5.0U  W-30.0U 
M17  1C  17  16  0  NMOS  L=5.0U  W-30.0U 
Ml  8  1  17  14  1  PMOS  L  =  5 . 0U  W-10.0U 
Ml  9  0  19  13  0  NMOS  L-5.0U  W-30.0U 
M20  21  20  10  0  NMOS  L-5.0U  W-5.0U 
M2 1  1  19  14  1  PMOS  L-5.0U  W-10.0U 
M22  21  22  10  1  FMOS  L-5.0U  W-10.0U 
M23  0  10  19  0  NMOS  L=5.0U  W-15.0U 
M2 4  1  10  19  1  PMOS  L-5.0U  W-30.0U 
M25  1  19  23  1  PMOS  L-5.0U  W-10.0U 
M2S  25  24  0  0  NMOS  L-5.0U  W-15.0U 
M27  25  19  23  0  NMOS  L-5.0U  W-15.0U 
M28  1  23  2  1  PMOS  L-5.0U  W-10.0U 
M29  1  24  23  1  PMOS  L-5.0U  W-10.0U 

M30  26  23  2  0  NMOS  L-5.0U  W-30.0U 

M3 1  0  27  12  0  NMOS  L-5.0U  W-15.0U 

M32  29  23  26  0  NMOS  L-5.0U  W-30.0U 
M33  i  27  12  1  PMOS  L-5.0U  W-30.0U 
M34  1  23  2  1  PMOS  L-5.0U  W-10.0U 
M35  1  30  28  1  PMOS  L-5.0U  W-10.0U 
M36  21  20  27  0  NMOS  L-5.0U  W-5.0U 
M3 7  0  27  29  0  NMOS  L-5.0U  W-30.0U 
M30  22  10  0  0  NMOS  L-5.0U  W-15.0U 
M3 9  22  30  20  0  MHOS  L-5.0U  W-15.0U 
M40  1  10  23  1  PMOS  L-5.0U  W-10.0U 
H4 1  31  22  27  1  FMOS  L-5.0U  W-10.0U 
M42  1  27  2  1  PMOS  L-5.0U  W-10.0U 
C43  1  0  0. 1478PF 
C 4 4  27  0  0.207PF 
C45  20  J  0.51PF 
C46  000. 1 174PF 
C47  10  0  0.297PF 


CAS  2  0  0 . 234PF 
C  19  28  0  0. 1 1 1PF 

CL>0  29  0  0.86PF 

CS1  12  0  0.202PF 

C52  23  0  0. 121PF 

C53  19  0  0. 151PF 

C54  14  0  0. 171PF 

C55  18  0  0.36PF 

C56  700. 172PF 
C57  5  0  0.234PF 
C58  11  0  0.36PF 

VA0  31  0  PULSE  <0V  5V  0NS  0NS  0NS  10NS) 

VB0  21  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VPHI1  20  0  PULSE  ( 5 V  5V  0NS  0NS  0NS  10NS) 

VPH I  1  EAR  22  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VS2  8  0  PULSE  !EV  5V  0NS  0NS  0NS  10NS> 

VS 3  17  0  PULSE  15V  5V  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  (0V  5 V  4NS  0NS  0NS  2NS> 

VP  1  BAR  S  0  PULSE  (5V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V( 5 )  V{2>  (0V.5V) 

.END 


05  t08  :  19' 


I *•*•*•• 12/01/04  •**•*••*  SPICE  2G.I  (15OCTO0> 

f  CMOS/SOS  01TSLICE  SECTION  1  PRERCHARGED  AT  TWO  NODES  -  OUTPUT  101 

XI 

**•••  TRANSIENT  ANALYSIS  TEMPERATURE  •  27.000  DEG  C 


0LEGEND i 

•i  V( 5 ) 

♦i  VI 2 ) 

X 

TIME  V( 5  > 


X(  •  ♦) - - -  0.  d*9B  1.2S  0d*BM  2 . 5004*00  3. 75 04*00  5.0004*00 


0.  4*00 

5.0004*00 

X 

5.0004-1 0 

5.0004*00 

X 

i .0004-09 

5.0004*00 

X 

I .5004-09 

5.0004*80 

.  X 

2.0004-09 

5.0004*00 

X 

2.5004-09 

5.0004*00 

.  X 

3.0004-09 

5.0004*00 

X 

3.5004-09 

5.0084*00 

X 

4.0004-09 

5.0004*00 

«* 

4.5004-09 

5.0004*00 

♦  » 

5.0004-09 

5.0004*00 

♦  • 

5.5004-09 

5.0004*00 

♦  * 

(.0004-09 

5.0004*00 

♦  * 

(.5004-09 

5.0004*00 

*  * 

7.0004-09 

4.9914*00 

♦ .  * 

7.5004-09 

4.9334*00 

♦ 

* 

0 . 0004-09 

4.7674*00 

• 

• 

8.5004-09 

4 . 5624*00 

♦ 

• 

$.0004-09 

4.274 4*00 

♦ 

* 

9.5004-09 

3.9284*00 

.  ♦ 

• 

1.0004-00 

3.5494*00 

♦ 

• 

1.0504-08 

3.1404*00 

♦ 

* 

1 . 1004-08 

2.7144*00 

♦ 

* 

I . 1504-08 

2.2914*00 

♦ 

• 

1.2004-08 

1 .8664*00 

♦  • 

1 .250d-08 

1.5214*00 

♦  • 

1.3004-08 

1 .1974*00 

♦  *. 

1.3504-88 

9.3874-01 

♦  • 

I .4004-08 

7.1044-01 

♦  * 

1 .450d-08 

5.3424-81 

1 .5004-88 

4.0254-01 

1.5584-08 

2.9684-01 

•  ♦ 

t .6004-08 

2.3224-01 

•  ♦ 

1 .6584-00 

2.0744-O1 

•  ♦ 

1.7004-08 

2.1274-01 

•  ♦ 

1 .7504-08 

3.4084-01 

•  ♦ . 

1 .0004-08 

5.2* ld-OI 

•  ♦ 

1  .8504-08 

7.1424-01 

•  .  ♦ 

I . 9004-08 

1 . 1074*00 

•  .  ♦ 

1.9504-00 

1.4534*00 

,  •  ♦ 

2.0004-00 

1.8244*00 

•  • 

2.0504-08 

2.1974*00 

♦ 

• 

2.  1004-08 

2.5604*00 

2.1504-00 

2.8954*00 

♦  .  • 

2.2004-08 

3.2074*00 

♦  • 

2.2584-08 

3.4604*08 

,  ♦ 

• 

2.3004-08 

3.7344*00 

♦ 

• 

2.3504-08 

3.9434*00 

♦ 

• 

2.4004-08 

4.12(4*00 

♦ 

• 

2.4504-08 

4.2884*00 

• 

2.5O04-08 

4.4114*00 

♦  • 

2.5504-08 

4.5224*00 

♦  .  • 

2.6O04-00 

4.(124*00 

♦  • 

2.6504-08 

4.(644*00 

,♦  • 

2.7004-08 

4.7474*00 

♦  • 

2.7504-00 

4.7944*00 

♦  • 

2 .  C004-08 

4.0344*00 

♦  • 

2 .0504-08 

4.8684*00 

♦  • 

2.9004-80 

4.892 4*00 

2.9504-08 

4.9144*88 

*  * 

3 . 000d-0B 

4.9214*00 

3 . 0504-08 

4.9444*00 

*  ,  * 

3 . 1004-00 

4.9654*00  . 

3.1504-00 

4.9644*00  . 

♦  • 

3 . 2004-00 

4.9714*00  . 

3.25OJ-0O 

4.9774*00 

♦  * 

3.3004-08 

4.9614*00  . 

3.3504-88 

4.9654*80 

*  # 

3.4 084-00 

4.9684*00  . 

3.4504-08 

4.9904*00  . 

3.5004-00 

4.9924*00 

3.5504-08 

4.9944*00  . 

3.6084-08 

4.9954*00  . 

3.6584-08 

4.99(4*00  . 

♦  * 

3.7004-08 

4.9974*00  . 

♦  * 

3.750J-08 

4.9974*00 

3.0004-08 

4.9984*00  . 

♦  * 

3.8504-08 

4.9984*00  . 

3.9084-08 

4.999 4*00  . 

♦  * 

3.9504-08 

4.9994*00  . 

4.0004-08 

4.9994*00  . 

♦  • 

Figure  07.  SPICE  Plot  Section  1  with  Input  010  and 
Two  Node  Precharge  Basic  Gate  Widths 


l*******12/01/34  ********  SPICE  2G.1  <15OCT80> 


05:2  0:  12 


0  CMOS/SOS  BITSLICE  SECTION  1  PRERCHARGED  AT  TWO  NODES  -  OUTPUT  010 

0****  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 

jj* ************************** *»*«****»*********«*«•*«*•***»***»»***•«»•»» 


.WIDTH  OUT *80 

.OPTIONS  I TL 1 =500  ITL5=0 

. MODEL  NMOS  NMOS  (VT0=1V  TOX=75NM  UO=400  NSUB-2.5E1S  LD=0.7UM> 
♦LEVEL*  1 

•MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB»3E15  LD=0.7UM> 

♦LEVEL* 1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W=5.0U 

M2  1  3  5  0  NMOS  L*5.0U  W=5.0U 

M3  2  6  1  1  PMOS  L *5 . 0U  W=10.0U 

M4  5  6  1  1  PMOS  L  =  5 . 0U  W=10.0U 

M5  1  8  7  1  PMOS  L  =  5 . 0U  W=10.0U 

M6  9  8  7  0  NMOS  L»5.0U  W=30.0U 

M7  11  10  9  0  NMOS  L=5.0U  W=30.0U 
M8  1  10  7  1  PMOS  L-5.0U  W*10.0U 
M9  1  7  5  1  PMOS  L=5.0U  W=10.0U 
M10  0  12  11  0  NMOS  L=5.0U  W=30.0U 
Mil  15  14  0  0  NMOS  L  =  5 . 0U  W=15.0U 
M 1 2  15  7  5  0  NMOS  L=5.0U  W*15.0U 
Ml  3  1  14  5  1  PMOS  L  =  5 . 0U  W=10.0U 
M 1 4  1  12  7  1  PMOS  L  =  5 . 0U  W=10.0U 
Ml  5  1  12  14  1  PMOS  L  =  5.0U  W=10.0U 
M 1 6  1G  12  14  0  NMOS  L=5.0U  W=30.0U 
Ml  7  13  17  1G  0  NMOS  L  =  5.0U  W=30.0U~ 

M 1 8  1  17  14  1  PMOS  L  =  5 . 0U  W=10.0U 
Ml  9  0  19  18  0  NMOS  L  =  5.0U  W=30.0U 
M20  21  20  10  0  NMOS  L=5.0U  W=5.0U 
M2 1  1  19  14  1  PMOS  L  =  5 . 0U  W=10.0U 
M22  21  22  10  1  FMOS  L=5.0U  W=10.0U 
M23  0  10  19  0  NMOS  L=5.0U  W=15.0U 

M24  1  10  19  1  PMOS  L=5.0U  W=30.0U 

M25  1  19  23  1  PMOS  L=5.0U  W=10.0U 

M26  25  24  0  0  NMOS  L»5.0U  W-15.0U 

M27  25  19  23  0  NMOS  L=5.0U  W=15.0U 
M28  1  23  2  1  PMOS  L=5.0U  W=10.0U 
M29  1  24  23  1  PMOS  L=5.0U  W=10.0U 
M30  2G  23  2  0  NMOS  L=5.0U  W=30.0U 

M3!  0  27  12  0  NMOS  L=5.0U  W=15.0U 

M32  29  23  26  0  NMOS  L=5.0U  W=30.0U 
M33  1  27  12  1  PMOS  L=5.0U  W=30.0U 
M3 4  1  23  2  1  PMOS  L  =  5.0U  W=10.0U 
M35  1  30  23  1  PMOS  L=5.0U  W=10.0U 
M36  31  20  27  0  NMOS  L=5.0U  W=5.0U 
M3 7  0  27  29  0  NMOS  L  =  5.0U  W=30.0U 

M33  32  10  .9  0  NMOS  L  =  5.0U  W=15.0U 

M39  32  30  23  0  NMOS  L=5.0U  W=15.0U 
M40  1  10  23  1  PMOS  L=5.0U  W=10.0U 
M41  31  22  27  1  FMOS  L=5.0U  W=10.0U 
M4 2  1  27  2  1  PMOS  L=5.0U  W»10.0U 
C43  1  0  0. 1478PF 
C 4 4  27  0  0.207PF 
C45  20  0  0.S1PF 
C46  0  0  0.1 174PF 
C47  10  J  0.297PF 


0 


C48  2  0  0. 234PF 
C49  28  0  0. 1 1 1PF 

C50  29  0  0.86PF 

CS1  12  0  0.202PF 

CI52  23  9  0.  121PF 

C53  19  0  0. 151PF 

CS4  14  0  0. 171PF 

C55  18  0  0. 36PF 

C56  700. 172PF 
C57  5  0  0.234PF 
C58  11  0  0.86PF 

VA0  31  0  PULGE  ( 5 V  0V  0NS  0NS  0NS  10NS) 

VB0  21  0  PULSE  !0V  0V  0NS  0NS  0NS  10NS) 

VPHI1  20  0  PULSE  <5V  5V  0NS  0NS  0NS  10NS) 

VP  H I  1  BAR  22  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  <0V  0V  0NS  0N3  0NS  10NS) 

VS2  8  0  PULSE  ! EV  5V  0NS  0MS  0NS  10NS) 

VS3  17  0  PULSE  ( 5V  5V  0NS  0NS  0NS  10NS ) 

VP1  3  0  PULSE  (0V  5 V  4NS  0NS  0NS  2NS ) 

VP  1  BAP.  6  0  PULSE  ( 5 V  0V  4NS  0NS  0NS  2NS  > 

•TRAN  0.5NS  40NS 

.PLOT  TRAN  V  <  S  >  V<2>  <0V,5V> 

.END 


is  vr 


C-16 


SPICE  ZG. 1  < 15OCT80) 


TRANSIENT  ANALYSIS 


TEMPERATURE 


27 .000  OEG  C 


TIME 

VIS) 

0.  d*00 

1 .3! 50-07 

X 

5.000d-l0 

1.3650-07 

X 

l . 0000-09 

1 .3550-07 

X 

1 .500d-09 

1.3650-07 

X 

2.0000-09 

1.3650-07 

X 

2.500d-09 

1.3650-07 

3.000d-09 

1 . 3650-07 

3 . 500d-09 

1.3560-07 

*  ♦ 

4.0000-09 

2 . 3570-07 

•  ♦ 

4 .5000-09 

Z. 1 030-01 

.  •  ♦ 

5.0000-0S 

7 . 5240-01 

• 

♦ 

5 . 500d-09 

1  .  1 13d*00 

• 

♦ 

6 . 000d-09 

1  .  420d*00 

•  ♦ 

6 . 50®d -09 

1 .7430+00 

•  ♦ 

7 . 000d-09 

1 . 9020*00 

•  ♦ 

7.S00d-09 

2 . 0940*00 

X 

8 . 000d-09 

2 . 3660*00 

♦  •  . 

8 . 50fd -09 

2.6020*00 

♦  .  • 

9 . 000d-09 

2.9480*00 

♦  .  • 

9 . 5000-09 

3.2280*00 

♦ . 

1 . 0000-08 

3 . 4970*00 

.  ♦ 

1 . 0000-00 

3. 7270*00 

♦ 

] . 1000-08 

3 . 94  5d*00 

♦ 

1  .1500-00 

4.1240*00 

♦ 

1  .  200d-08 

4 . 275d*00 

♦ 

1.2500-08 

4 . 4030*00 

♦ 

1.3001-08 

4 .51 70*00 

♦ 

1.3500-00 

4.6030*00 

♦ 

1  .  4  00000 

4.67  90*00 

♦ 

I  .  4  5 0d - 00 

4.74  00  ♦ 00 

♦ 

1  . 5000  *  08 

4 . 7690*00 

♦ 

1 .550d-08 

4 . 0? Id* 00 

♦ 

I  .600008 

4 .0610+ 00 

♦ 

1  .  658d -08 

4 . 8660*00 

♦ . 

1 . 7080-00 

4 . 899d*00 

♦ 

I  .  750000 

4 . 8950*00 

♦ 

i  . cocoon 

4 . 828d*00 

♦ 

I . C50d-08 

4 . 7100*00 

♦ 

1 . 900000 

4 . 4  S6d *00 

♦ 

1 .900008 

4. l*4d+00 

♦ 

Z . 000d-0O 

3 . 8  4 ] d  *  00 

♦ 

2.0O0d-08 

3. 46 4d*00 

• 

Z. 100J-0O 

3.064d*00 

♦ 

2. 1500-08 

2 . 62  8d*00 

.  * 

2 . 200d-08 

2 . 220d*00 

,  • 

Z  .  250d-08 

1 .033d*O0 

.  ♦ 

2.3000-08 

1.4750*00 

.  ♦ 

• 

Z.  300008 

1 . 164d*00 

♦ 

2 . 4  00d - 08 

9 . 0 1 0d -0 1 

♦ 

2 . 450008 

6.7790-01 

Z . 500d-08 

5. 1030-8! 

♦  • 

2.550008 

3 . 8020-01 

♦  • 

2. 600000 

2 . 7250-01 

♦  • 

2 . 650d-08 

2.0370-81 

2. 700.J-08 

1 . 4690-01 

♦  * 

Z.7S0d-0a 

1  . 04  9d -  0 l 

Z . C00d-0O 

7. 7080-02 

Z. GS0d-0O 

5.4410-02 

♦  • 

2. 908000 

3 . 94  4d-02 

X 

Z  .  958008 

2.8440-02 

X 

3 . 008000 

1 .9790-82 

X 

3.000000 

1 . 460d-0Z 

X 

3.  108000 

I .0270-82 

X 

3. 150000 

7 . 326d-03 

X 

3. 200d-0O 

5 . 3530-83 

X 

3 . 258d-0O 

3.7'5d-03 

X 

3 . 2080-08 

Z . 7 1  3d  -  03 

X 

3.3S8d-08 

1.9510-03 

X 

3. 408d-08 

1  .  3540-03 

X 

3 . 400000 

9.9610-04 

X 

3.500d-08 

7. 0820-04 

X 

3.S50-J-08 

5.001 d-04 

X 

3.600000 

3.6530-04 

X 

3.6500-08 

2.5620-04 

X 

3 . 700008 

1 .8510-04 

X 

3. 750J-08 

I . 3310-04 

X 

3 . 808d-0O 

9.2410-05 

X 

3.858000 

6 .8140-05 

X 

3 . 9  08000 

4 .8390-05 

X 

3 . 950008 

3.4200-05 

X 

4 . 000008 

2.425d-05 

X 

-  -  1 

3.7500+00  5.0000+00 


Figure  08.  SPICE  Plot  Section  1  Input  101  and  Two 
Node  Precharge  with  Basic  Gate  Widths 


!***»* **12/01/34  ********  SPICE  2G.1  (15OCT30) 


05:21 : 25 


0  CMOS/SOS  B1TSLICE  SECTION  1  PRERCHARGED  AT  TWO  NODES  -  OUTPUT  010 

0***»  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT *80 

.OPTIONS  ITL 1*500  ITL5=0 

.MODEL  NMOS  NHOS  (VT0=1V  TOX=75NM  UO=400  NSUB=2.5E1S  LD-0.7UM) 
♦  LEVEL  =  1 

.MODEL  PMOS  PMOS  <VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD=0.7UM) 

+LEVEL= 1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W=10.0U 

M2  1  3  5  0  NMOS  L*5.0U  W=10.0U 

M3  2  6  1  1  PMOS  L=5.0U  W*20.0U 

M4  5  G  1  1  PMOS  L-5.0U  W=20.0U 

M5  1  8  7  1  PMOS  L=5.0U  W=10.0U 

M6  9  8  7  0  NMOS  L*5.0U  W*30.0U 

M7  11  10  9  0  NMOS  L=5.0U  W=30.0U 
M8  1  10  7  1  PMOS  L  =  5 . 0U  W-10.0U 
M9  1  7  5  1  PMOS  L=5.0U  W=10.0U 
M 10  0  12  110  NMOS  L  =  5 . 0U  W=30.0U 
MU  15  14  0  0  NMOS  L  =  5 . 0U  W=»15.0U 
Ml  2  15  7  5  0  NMOS  L=5.0U  W=15.0U 
M 1 3  1  14  5  1  PMOS  L=5.0U  W=10.0U 
M 1 4  1  12  7  1  PMOS  L=5.0U  W-10.0U 
M 1 5  1  12  14  1  PMOS  L=5.0U  W=10.0U 
M 1 6  1G  12  14  0  NMOS  L*5.0U  W=30.0U 
M 1 7  1C  17  16  0  NMOS  L=G.0U  W=30.0U 
M 1 8  1  17  14  1  PMOS  L=5.0U  W=10.0U 
Ml  9  0  19  13  0  Ni'IOS  L=5.0U  W=30.0U 
M20  21  20  10  0  NMOS  L *5 . 0U  W=5.0U 
M2 1  1  19  14  1  PMOS  L=5.0U  W=10.0U 
M22  21  22  10  1  FMOS  L-5.0U  W=10.0U 
M23  0  10  19  0  NMOS  L=5.0U  W= 1 5 . 0U 
M2 4  1  10  19  1  PMOS  L  =  5 . 0U  W=30.0U 
M25  1  19  23  1  PMOS  L=5.0U  W-10.0U 
M2G  25  24  0  0  NMOS  L=5.0U  W=15.0U 
M27  25  19  23  0  NMOS  L=5.0U  W= 1 5 . 0U 
M28  1  23  2  1  PMOS  L=>5.0U  W*10.0U 
M29  1  24  23  1  PMOS  L=5.0U  W=10.0U 

M30  2G  23  2  0  NMOS  L=5.0U  W=30.0U 

M3 1  0  27  12  0  NMOS  L=5.0U  W=15.0U 

M32  29  23  26  0  NMOS  L=5.0U  W=30.0U 
M33  1  27  12  1  PMOS  L=5.0U  W=30.0U 
M34  1  23  2  1  PMOS  L=5.0U  W=10.0U 
M3S  1  30  23  1  PMOS  L=5.0U  W=10.0U 
M36  31  20  27  0  NMOS  L=5.0U  W=5.0U 
M3 7  0  27  29  0  NMOS  L  =  5.0U  W=30..9U 

M33  32  10  9  0  NMOS  L=5.0U  W=15.0U 

M3 9  32  30  23  0  NMOS  L=5.0U  W=15.0U 
M40  1  10  23  1  PMOS  L  =  5 . 0U  W=10.0U 
M41  31  22  27  1  FMOS  L=5.0U  W=10.0U 
M42  1  27  2  1  PMOS  L=5.0U  W-10.0U 
C43  1  0  0. 147CPF 
C 4 4  27  0  0 .  ,_07P F 
C45  20  0  0.51PF 
C46  000.1 174PF 
C47  10  0  0.297PF 


C48  2  0  0.234PF 
C-'3  28  0  0.111PF 

CS0  29  0  0.36PF 

C51  12  0  0.202PF 

C52  23  0  0. 121PF 

C53  19  0  0. 151PF 

C54  14  0  0. 171PF 

C55  18  0  0.86PF 

C56  700. 172PF 
C57  5  0  0.234PF 
C58  11  0  0.86PF 

VA0  31  0  PULSE  (0V  5 V  0NS  0NS  0NS  10NS) 

VB0  21  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VPHI1  20  0  PULSE  ( 5V  5V  0NS  0NS  0NS  10NS) 

VP H 1 1  BAR  22  0  PULSE  C0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS2  8  0  PULSE  CSV  5V  0NS  0NS  0NS  10NS ) 

VS3  17  0  PULSE  ( 5 V  5V  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  (0V  5 V  4NS  0NS  0NS  2NS) 

VP  1  BAR  6  0  PULSE.  (5V  0V  4NS  0NS  0NS  2NS ) 

■TRAN  0.5NS  40NS 

.PLOT  TRAN  V<  5 )  V <  2 )  <0V,5V> 

•  END 


SPICE  26.1  ( 15OCT80 ) 


TRANSIENT  ANALYSIS 


TEMPERATURE  -  27 .000  0E6  C 


*1  V(5> 

►  »  V<  2 ) 

TIME 

V<5> 

* ) 

9.  4+99 

5. 0804*00 

5 .8894-19 

5.0094+90 

1  . 000d-09 

5 .0004*00 

1 .5004-09 

5 . 8004+99 

2.0004-03 

5 .9004+90 

2.5004-09 

5 .9004+90 

3.0004-09 

5.9894+09 

3.5004-09 

5.9004+80 

4.0004-09 

5 .8894+99 

4  .  5004-09 

5.9894+90 

5 . 000*4-03 

5.9094+90 

5.5004-09 

5.9804+99 

6.0004-09 

5 .0894+09 

6 . 500d-09 

5.0894+09 

7 . 0004-09 

4.9914*00 

7.5004-09 

4.9334*00 

8.000d-09 

4.7674*00 

8 . 500d-09 

4.5624*00 

9.0004-03 

4.2744+00 

9.5004-09 

3.9284*00 

1 .0004-00 

3.5494*00 

1 .05 04-00 

3.14 04*00 

1  .  100d-08 

2.7144*00 

1  .  150d-08 

2.2914*00 

I . 2004-88 

1.8664*00 

1.250d-08 

1.5214*00 

1  .  3004-08 

1.1974*00 

1  . 3504-00 

9.3674-01 

1  .  400d-00 

7.1044-01 

1  .  450d“0B 

5.343d-0l 

1 .5004-00 

4 .0254-01 

1 .5504-00 

2.9684-01 

1 .6004-08 

2 . 322d-01 

1 .6504-00 

2.0744-01 

1  .  700d-08 

2.1274-01 

1.7504-08 

3.40Bd-01 

1  .  0004-08 

5.2114-01 

1 .8504-00 

7.8424-01 

] .9004-00 

l . 1074*00 

1  . 950d-0O 

1.4634*00 

2.0004-08 

1.8244*00 

2.0504-08 

2 . 1 97d*00 

2. 100d-08 

2.5604*00 

2. 150d-08 

2.895d*00 

2.2004-0 8 

3 . 2074*00 

2.2504-88 

3.4604*00 

2.3804-08 

3.7344*00 

2.3504-08 

3.943 4+99 

2.4004-08 

4.1264*00 

2.4504-08 

4.2684*00 

2.5004-08 

4.41 14*00 

2.5504-08 

4.5224*00 

2.6004-00 

4.61 2d*00 

2.650d-08 

4.664d*00 

2.7004-08 

4.747 4*00 

2.7504-08 

4.7944*00 

2 . C0O4-0O 

4.034d*08 

2 . 8504-08 

4.868d*0t 

2.9004-08 

4 . 092d  *08 

2.9504-08 

4.91 4d*08 

3.0004-08 

4.9214*00 

3.0504-00 

4.94  4d*00 

3. I004-0O 

4.9654*00 

3.1504-00 

4 . 9  6  4  d  *  0  9 

3 .2004-00 

4.9714*00 

3.2504-08 

4.977d*08 

3.3004-00 

4.9614*00 

3.3504-00 

4.9654*00 

3.4004-08 

4.9684*00 

3 . 4504-00 

4 . 990d*O0 

3.6004-08 

4.9 924*00 

3.5504-00 

4 . 99  4d ♦ 08 

3.6004-00 

4.995d*00 

3 .  G504-0O 

4.3954+99 

3.7004-00 

4.9974*00 

3.7504-08 

4.9974*00 

3. CO04-0O 

4 . 998d*00 

3.8504-00 

4.9984*00 

3. 900.1-00 

4 . 999d*08 

3.9504-00 

4.9994*08 

4 . 0O0d-08 

4.9994*00 

1.2504*00  2 . 5004*00  3 . 750d*00 


Figure  C-9.  SPICE  Plot  Section  1  Input  010  and  Two 
Node  Precharge  with  Basic  Widths  x2 


C-20 


!*******12/0i/ 34  ********  SPICE  2G.1  (15OCT80) 


05:20:29 


0  CMOS/SOS  BITSLICE  SECTION  1  PRERCHARGED  AT  TWO  NODES  -  OUTPUT  101 

0***»  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0* ************ *********** ******** *************** ***************** ******* 


.WIDTH  OUT*80 
.OPTIONS  ITL 1=500  ITL5=0 

.MODEL  NMOS  NMOS  (VT0=1V  TOX=75NM  UO=*400  NSUB*2.5E16  LD*0.7UM> 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  <VT0=-1V  TOX*75NM  UO=200  NSUB*3E15  LD»0.7UM) 
♦LEVEL* 1 
VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L»5.0U  W=10.0U 

M2  1  3  5  0  NMOS  L*5.0U  W=10.0U 

M3  2  6  1  1  PMOS  L*5.0U  W-20.0U 

M4  5  6  1  1  PMOS  L *5 . 0U  W=20.0U 

M5  1  8  7  1  PMOS  L-5.0U  W=10.0U 

M6  9  8  7  0  NMOS  L-5.0U  W-30.0U 

M7  11  10  9  0  NMOS  L*5.0U  W»30.0U 
M8  1  10  7  1  PMOS  L-5.0U  W*10.0U 
M9  1  7  5  1  PMOS  L-5.0U  W-10.0U 
M10  0  12  11  0  NMOS  L-5.0U  W=30.0U 
Mil  15  14  0  0  NMOS  L-5.0U  W-15.0U 
M12  15  7  5  0  NMOS  L=5.0U  W*15.0U 
Ml  3  1  14  5  1  PMOS  L  =  5.0U  W-10.0U 
Ml  4  1  12  7  1  PMOS  L *5 . 0U  W-10.0U 
Ml  5  1  12  14  1  PMOS  L  =  5.0U  W-10.0U 
Ml  6  1G  12  14  0  NMOS  L-5.0U  W-30.0U 
M 1 7  18  17  16  0  NMOS  L=5.0U  W-30.0U 
Ml  8  1  17  14  1  PMOS  L*5.0U  W*10.0U 
Ml  9  0  19  13  0  NMOS  L-5.0U  W-30.0U 
M20  21  20  10  0  NMOS  L=5.0U  W-5.0U 
M2 1  1  19  14  1  PMOS  L  =  5.0U  W*10.0U 
M22  21  22  10  1  FMOS  L*5.0U  W-10.0U 
M23  0  10  19  0  NMOS  L=5.0U  W-15.0U 

M24  1  10  19  1  PMOS  L  =  5 . 0U  W=30.0U 

M25  1  19  23  1  PMOS  L=5.0U  W*10.0U 

M2G  25  24  0  0  NMOS  L-5.0U  W*15.0U 

M27  25  19  23  0  NMOS  L-5.0U  W=15.0U 
M28  1  23  2  1  PMOS  L*5.0U  W-10.0U 
M29  1  24  23  1  PMOS  L=5.0U  W*10.0U 

M30  26  23  2  0  NMOS  L=5.0U  W=30.0U 

M3 1  0  27  12  0  NMOS  L-5.0U  W»15.0U 

M32  29  28  2G  0  NMOS  L=5.0U  W-30.0U 
M33  1  27  12  1  PMOS  L=5.0U  W=30.0U 
M34  1  23  2  1  PMOS  L»5.0U  W-10.0U 
M35  1  30  23  1  PMOS  L=5.0U  W-10.0U 
M36  31  20  27  0  NMOS  L*5.0U  W*5.0U 
M37  0  27  29  0  NMOS  L=5.0U  W-30.0U 
M33  32  10  0  0  NMOS  L=5.0U  W=15.0U 
M39  32  30  23  0  NMOS  L=5.0U  W-15.0U 
M40  1  10  23  1  PMOS  L  =  5 . 0U  W=10.0U 
M41  31  22  27  1  PMOS  L=5.0U  W=10.0U 
M42  1  27  2  1  PMOS  L=5.0U  W-10.0U 
C43  1  0  0. 1478PF 
C44  27  0  0.207PF 
C45  20  0  0.51PF 

l-  C4G  000. 1174PF 

1*''  C47  10  9  0.297PF 


C48  2  0  0.234PF 
C49  28  0  0. 1 11PF 

CC.0  29  0  0.8SPF 

C 3 1  12  0  0.202PF 

C52  23  0  0. 121PF 

C53  19  0  0. 151PF 

C54  14  0  0. 171PF 

C55  18  0  0.86PF 

C56  7  0  0. 172PF 
CS7  5  0  0.234PF 
C58  11  0  0.86PF 

VA0  31  0  PULSE  ( 5V  0V  0NS  0NS  0NS  10NS) 

VB0  21  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VPHI1  20  0  PULSE  ( 5V  5V  0NS  0NS  0NS  10NS) 

VPH 1 1  BAR  22  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VS2  8  0  PULSE  (SV  5V  0NS  0NS  0NS  10NS) 

VS3  17  0  PULSE  (SV  5V  0NS  0NS  0NS  10NS1 
VP1  3  0  PULSE  <0V  5V  4NS  0NS  0NS  2NS) 

VP  1  BAR  6  0  PULSE  (SV  0V  4NS  0NS  0NS  2NS) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V(S)  V<2)  (0V.5V) 


SPICE  ZC.l  I  1 SOCT80  > 


CMOS/SOS  B 1 TSL ICE  SECTION  I  PRERCHARGEO  AT  TWO  NODES  -  OUTPUT  lit 
TRANSIENT  ANAL VS IS  TEMPERATURE  -  27.111  OES  C 


2.  Slid  HI  3.7S*d«M  5 .  Illd  *11 
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2.000d-09 

i  .3554-07 

X 

2 . 500d-09 

1 . 3554-07 

3 .000d-09 

1  .3654-07 

3 . 5004-09 

1.3664-07 

*  ♦ 

4 . 000d-09 

l  .3574-07 

•  ♦ 

4.5004-09 

3.9614-0! 

5.000d-09 

1.3264*00 

5 . 500d-09 

J  .9224*00 

6 . 000d*09 

2. 4Md*0» 

6 . 5004-09 

2 . 9914*00 

7.000d-09 

3 . 2244*00 

7 . S00d-09 

3 . 3954*00 

8.0004-0 9 

3. 5924*00 

0 . 5004-09 

3 . 766d*00 

9 . 000d-09 

3 . 969d*00 

9 . S00d-09 

4 . 1 264*00 

1.0004-88 

4 .2794*00 

1 .0504-08 

4.4114*00 

1 . 1 004-08 
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Figure  C-10.  SPICE  Plot  Section  1  Input  101  Two  Node 
Precharge  with  Gate  Widths  x2 


1 
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SPICE  2G.1  (15OCT80) 


05:22:28 


0  CMOS/SOS  BITSLICE  SECTION  1  PRERCHARGED  AT  TWO  NODES  -  OUTPUT  101 

0**»*  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0*******************«*******************************«**«**««************ 


.WIDTH  OUT*30 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX*75NM  UO=400  NSUB*2.5E16  LD=0.7UM> 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX=75NM  UO=200  NSUB-3E15  LD-0.7UM) 

♦  LEVEL  =  1 
VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W-15.0U 
M2  1  3  5  0  NMOS  L-5.0U  W-15.0U 
M3  2  6  1  1  PMOS  L=5.0U  W»30.0U 
M4  5  6  1  1  PMOS  L-5.0U  W-30.0U 
M5  1  8  7  1  PMOS  L-5.0U  W=10.0U 
M6  9  8  7  0  NMOS  L=*5.0U  W-30.0U 
M7  11  10  9  0  NMOS  L=5.0U  W-30.0U 
M8  1  10  7  1  PMOS  L=5.0U  W-10.0U 
M9  1  7  5  1  PMOS  L-5.0U  W-10.0U 
M10  0  12  11  0  NMOS  L=5.0U  W-30.0U 
MU  15  14  0  0  NMOS  L-5.0U  W-15.0U 
M12  15  7  5  0  NMOS  L=5.0U  W=15.0U 
Ml  3  1  14  5  1  PMOS  L  =  5.0U  W=10.0U 
Ml  4  1  12  7  1  PMOS  L  =  5.0U  W-10.0U 
M 1 5  1  12  14  1  PMOS  L  =  5 . 0U  W-10.0U 
Ml  6  16  12  14  0  MMOS  L  =  5.0U  W*30.0U 
M 1 7  1G  17  16  0  MMOS  L  =  5.0U  W-30.0U 
Ml  8  1  17  14  1  PMOS  L  =  5 . 0U  W=10.0U 
Ml  9  0  19  18  0  NMOS  L  =  5.0U  W-30.0U 
M20  21  20  10  0  NMOS  L=5.0U  W*5.0U 
M2 1  1  19  14  1  PMOS  L  =  5.0U  W-10.0U 
M22  21  22  10  1  FMOS  L=5.0U  W*10.0U 
M23  0  10  19  0  NMOS  L-5.0U  W-15.0U 

M24  1  10  19  1  PMOS  L=5.0U  W=30.0U 

M25  1  19  23  1  PMOS  L-5.0U  W-10.0U 

M26  25  24  0  0  NMOS  L=5.0U  W=15.0U 

M27  25  19  23  0  MMOS  L=5.0U  W-15.0U 
M28  1  23  2  1  PMOS  L=5.0U  W-10.00 
M29  1  24  23  1  PMOS  L-5.0U  W=*10.0U 

M30  26  23  2  0  NMOS  L=5.0U  W=30.0U 

M3 1  0  27  12  0  NMOS  L-5.0U  W=15.0U 

M32  29  28  26  0  NMOS  L=5.0U  W=30.0U 
M33  1  27  12  1  PMOS  L-5.0U  W-30.0U 
M34  1  23  2  1  PMOS  L=5.0U  W=10.0U 
M35  1  30  23  1  PMOS  L=5.0U  W-10.0U 
M36  31  20  27  0  NMOS  L=5.0U  W=5.0U 
M37  0  27  29  0  NMOS  L=5.0U  W-30.0U 
M3 3  32  10  0  0  NMOS  L»5.0U  W=15.0U 
M39  32  30  23  0  MMOS  L=5.0U  W*15.0U 
M40  1  10  23  1  PMOS  L-5.0U  W=10.0U 
M4 1  31  22  27  1  FMOS  L=>5.0U  W-10.0U 
M42  1  27  2  1  PMOS  L=5.0U  W-10.0U 
C43  100. 1478PF 
C44  27  0  0.207PF 
C45  20  0  0.51PF 


C48  2  0  0 . 234? F 
C49  28  0  0. 11  1PF 

CS0  29  0  0.86PF 

C51  12  0  0.202PF 

C52  23  0  0. 121PF 

C53  19  0  0. 151PF 

C54  14  0  0. 171PF 

C55  18  0  0.86PF 

C56  7  0  0. 172PF 
C57  5  0  0.234PF 
C58  11  0  0.86PF 

VA0  31  0  PULSE  <0V  5 V  0NS  0NS  0NS  10NS) 

VE0  21  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VPHI1  20  0  PULSE  ( 5 V  5V  0NS  0NS  0NS  10NS) 

VPH I i EAR  22  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS> 

VS2  8  0  PULSE  (&V  5 V  0NS  0NS  0NS  10NS ) 

VS 3  17  0  PULSE  <5V  5V  0NS  0NS  0NS  10NS> 

VP1  3  0  PULSE  <0V  SV  4NS  0NS  0NS  2NS ) 

VP  1  BAR  6  0  PULSE  (SV  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V<  5 )  V(2>  <0V,5V> 


I •••■•** l 2/0) /04  »*•••••.  SPICE  2C . 1  (15OCT001  ••■••*•••5 »22 . JS***«* 

0  CMOS/SOS  8ITSLICE  SECTION  I  PRERCHAPCED  AT  TWO  NODES  ^  OUTPUT  10] 

*****  TRANSIENT  AMALVSIS  TEMPERATURE  -  27.000  DEC  C 

. . . . . . . 


BLEGENDt 

•t  V<5> 

♦«  V<2> 

TIME 

VC  8 ) 

X<  *♦  )- - - 

-  0. 

d*aa  1 .2504*00 

2.5 §04*90 

3 . 7504*00 

5 .0004*00 

0.  d*00 

5.000d«00 

5.000d-l0 

5 . §094*99 

1 .000d-09 

5 . 000d*00 

1 . 500d-09 

5 . 000d+00 

2.000d-09 

5.0004*99 

2 . 500d-09 

5.0004*90 

3 . 000d-09 

Bead* a a 

3.500d-09 

5 . 9094*09 

4.000d-09 

S.000d«00 

4 . 500d-09 

5 . 000d*00 

5.000d-09 

5.000d*00 

5.5004-09 

5.000d«00 

6 . 000d-09 

5 . 9094*00 

6.500d-09 

5.000d«00 

7 . 000d-09 

4.99 ld  +  00 

• 

7 . 500d-09 

4.933d+00 

• 

8.000d-09 

4.787 d*00 

♦ 

• 

8 . 500d-09 

4.5t3d*00 

• 

9 . 000d -09 

4.27  4d+00 

♦ 

* 

9. 500-J-09 

3 . 928d*00 

♦ 

• 

1 .000d-08 

3 . 54  9d*00 

♦ 

• 

I  . 050d-08 

3 . 1 40d*00 

♦ 

• 

1  .  1 00d-08 

2.71 4d*00 

♦ 

• 

1 . 1 50d-00 

2 . 29 ld*00 

♦ 

■ 

1 .200d-09 

1 . 8S6d*00 

♦  • 

l  . 250d-9O 

1 . 52 ld+08 

♦  • 

1.3004-08 

t . 1 97d*00 

♦  * . 

l  .350d-0O 

9 . 3E8d-01 

♦  • 

1 . 400d-O8 

7. 104d-0l 

♦  • 

1  .  450d-0O 

5 . 34  3d-0 1 

X 

1 . 500d-0O 

4 . 02'5d-01 

*  ♦ 

l  .550d-00 

2. 9*8d-01 

•  ♦ 

1 .600d-0O 

2 . 322d-0 1 

*  ♦ 

1  .SS0d-0O 

2 . 07  4d-0 1 

•  ♦ 

1 . 700d-0O 

2 . 1 27d-01 

•  ♦  . 

1  .  75O-J-08 

3. 408d-01 

•  ♦ . 

1 . 800d-08 

5.21 1 d-0 1 

•  .  ♦ 

1 .C50U-08 

7. 842d-01 

•  .  ♦ 

1 . 900d-08 

1 . 1 07d*00 

•  .  ♦ 

1  .  950d-08 

1 .453d*00 

.  •  ♦ 

2 . 000d-08 

1 .824d+09 

2.0O0d-08 

2. I57d»00 

♦  • 

2. 1 00d -08 

2 . 5E0d*00 

♦  • 

2. 1 2  0d- 00 

2. 898d*00 

♦ .  • 

2.200d-08 

3 . 204d>00 

♦  • 

2 . 250d-08 

3 . 46 1 d*00 

♦ 

• 

2.300d-08 

3. 7274*00 

♦ 

• 

2 . 350d-08 

3 . 942d*00 

♦ 

• 

2 . 400d-08 

4. 127d*00 

♦ 

• 

2 . 4  50d-08 

4.2£5d*00 

• 

2 . 500d-08 

4.41 ld*00 

♦ 

• 

2 . 550d-08 

4 . 524d+00 

• 

2 . 600d-08 

4.6Ild*00 

• 

2.6S94-OB 

4 . 6$4d*00 

• 

• 

2 . 700d-08 

4 . 748d*00 

♦ 

• 

2. 750d-08 

4 . 794d*00 

• 

2.C00J-08 

4.8: 4d*00 

• 

2.C50d-08 

4 . 867d*00 

2 . O00d - 08 

4 . 892d*00 

2 . 950d-08 

4.9l4d*00 

3 . 0094-09 

4.9204*09 

3 . 050d -00 

4 . 9  4  4d*00 

3 . 1 00d-08 

4 . 956d*00 

3 . 1 SOd-00 

4.9f4d*00 

3.200d-0C 

4 . 97 1 d*00 

3.250d-08 

4 . 977d*00 

3.300J-0O 

4 . 9t ld*00 

3.350d-0O 

4 .9E5d*00 

«  * 

3. 4n0d-0O 

4 .91 8d+O0 

3 . 4  50d-08 

4 . 990d*00 

*  • 

3.500d-0O 

4 . 992d*08 

•  * 

3 . 550d-0O 

4 . 994d*00 

♦  • 

3. 600d-08 

4 . 9P5d*00 

3 . 650d-0O 

4 . 996d*0O 

3. 700d-08 

4 . 99  7d*00 

3 . 700-J  -08 

4 . 997d*00 

3.O00J-08 

4 . 9?6d*  00 

3.C50d-0O 

4 . 998d*00 

3. 900-4- 00 
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3  •  9C-0d-08 

4 . 999d*00 
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4 . 999d  *08 

♦  « 

Figure  C-ll.  SPICE  Plot  Section  1  Input  010  Two  Node 
Precharge  with  Gate  Widths  x3 


1 »«»**»* 12/01 /84  *»***«*»  SPICE  2G.1  (15OCT80)  *»««***»05 s 52 s I 9***** 

0  CMOS/SOS.  BITSLICE  SECTION  1  PRERCHARGED  AT  TWO  NODES  -  OUTPUT  010 

0**»*  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 

g*.. ••*•***•*. I.***..******.**.****..***********.***....*..*. 


.WIDTH  OUT=-80 

.OPTIONS  I TL 1 =500  ITL5=0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX»75NM  UO=400  NSUB=2.5E16  LD»0.7UM) 
♦  LEVEL1*  1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO’200  NSU3=3E15  LD-0.7UM) 

+LEVEL=1 

VDD  1  0  DC  5V 

Ml  1320  NMOS  L-5.0U  W=15.0U 
M2  1  3  5  0  NMOS  L-5.0U  W- 1 5 . 0U 

M3  2  6  1  1  PMOS  L«5.0U  W-30.0U 

M4  5  6  1  1  PMOS  L=5.0U  W-30.0U 

M5  1  8  7  1  PMOS  L»5.0U  W-10.0U 

M6  9  8  7  0  NMOS  L-5.0U  W-30.0U 

M7  11  10  9  0  NMOS  L=*5 .0U  W=30.0U 
M8  1  10  7  1  PMOS  L-5.0U  W-10.0U 
M9  1  7  5  1  PMOS  L=S.0U  W=10.0U 
M10  0  12  11  0  NMOS  L  =5 . 0U  W=*30.0U 
Mil  15  14  0  0  NMOS  L-5.0U  W=15.0U 
Ml  2  15  7  5  0  NMOS  L  =  S.0U  W=15.0U 
Ml  3  1  14  5  1  PMOS  L  =  5 . 0U  W=10.0U 
M 1 4  1  12  7  1  PMOS  L  =  5 . 0U  W=*10.0U 
Ml 5  1  12  14  1  PMOS  L=5.0U  W=*10.0U 
M 1 6  16  12  14  0  NMOS  L=5.0U  W=30.0U 
Ml  7  1C  17  16  0  NMOS  L  =  5.0U  W=»30.0U 
Ml  8  1  17  14  1  PMOS  L  =5 . 0U  W=10.0U 
Ml  9  0  19  13  0  NMOS  L*=5.0U  W=30.0U 
M20  21  20  10  0  NMOS  L=5.0U  W-5.0U 
M2 1  1  19  14  1  PMOS  L  =  5 . 0U  W=10.0U 
M22  21  22  10  1  FMOS  L=*S.0U  W-10.0U 
M23  0  10  19  0  NMOS  L=5.0U  W=15.0U 
M2 4  1  10  19  1  PMOS  L  =  5 . 0U  W=30.0U 
M25  1  19  23  1  PMOS  L»5.0U  W*=10.0U 
M26  25  24  0  0  NMOS  L=5.0U  W»15.0U 
M27  25  19  23  0  NMOS  L=5.0U  W=15.0U 
M28  1  23  2  1  PMOS  L=5.0U  W-10.0U 
M29  1  24  23  1  PMOS  L=5.0U  W=10.0U 

M30  26  23  2  0  NMOS  L=5.0U  W=30.0U 

M3 1  0  27  12  0  NMOS  L-5.0U  W=15.0U 

M32  29  23  26  0  NMOS  L=5.0U  W=30.0U 
M33  1  27  12  1  PMOS  L=5.0U  W=30.0U 
M34  1  23  2  1  PMOS  L=5.0U  W»10.0U 
M3S  1  30  23  1  PMOS  L=5.0U  W=10.0U 
M36  31  20  27  0  NMOS  L=5.0U  W-5.0U 
M37  0  27  29  0  NMOS  L  =  5.fJ  W=30.0U 
M33  32  10  0  0  NMOS  L=5.0U  W=15.0U 
M3 9  32  30  23  0  NMOS  L=5.0U  W=15.3U 
M40  1  10  23  1  PMOS  L  =  5 . 0U  W=10.0U 
M41  31  22  27  1  FMOS  L=5.0U  W=10.0U 
M42  1  27  2  1  PMOS  L=5.0U  W=10.0U 
C43  100. 1478PF 
C44  270  0. 207PF 
C45  20  0  0.51PF 
C46  000.1 174PF 
C47  10  9  0.297PF 


C-27 


-  *  ■ 


C48  2  0  0.234PF 
C '  9  28  0  0.11 1PF 

CG0  29  0  0.8GPF 

CGI  12  0  0.202PF 

C52  23  0  0. 1 2 1 P F 

C53  19  0  0. 1S1PF 

C54  14  0  0. 171PF 

C5S  18  0  0.86PF 

C56  7  0  0.172PF 
C57  5  0  0.234PF 
C58  11  0  0.86PF 

VA0  31  0  PULSE  1 5V  0V  0NS  0NS  0NS  10NS) 

VB0  21  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VPHI1  20  0  PULSE  (5V  5V  0NS  0NS  0NS  10NS> 
VPHI1BAR  22  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS2  8  0  PULSE  <  £ V  5V  0NS  0NS  0NS  10NS) 

VS3  17  0  PULSE  (5V  GV  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  (0V  5V  4NS  0NS  0NS  2NS ) 

VP  1  BAR  6  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS ) 

•TRAH  0.5NS  40NS 

.PLOT  TRAN  V( 5 )  V<2)  (0V,5V> 


SPICE  ZG . 1  (15OCT00} 


CMOS/SOS  8ITSUCE  SECTION  l  PRERCHARGEP  AT  TVO  NODES  -  OUTPUT  010 

A3 

TRANSIENT  ANALYSIS  TEMPERATURE  •  27.000  DEG  C 


TEMPERATURE 


.  2S0d+00  2 . 500d+00  3 . 750d+00  5.000d*00 


0.  d*00 
5.000d-l« 
I .000d-03 
1 . 500d-09 
2.000U-09 
2.500d-09 
3.000d-09 
3.500d-09 
4.00»d-09 
4.500d-09 
5.000d-09 
5.500d-09 
6.000d*09 
6.500d-09 
7.000d-09 
7.500d-09 
0.000d-09 
8.500d-09 
9.000d-09 
9.5O0d-09 
1 .000d-08 
I .0O0d-0O 
I . I00d-00 

I . t50d-08 
I .200d-08 
1 .250.J-08 
I . 200U-08 
I . 3S0d-08 
1 .400d-08 
1 .4&0J-08 
1 .S00J-08 
I .SG0d-08 
1 .E00d-08 

1 . G50d-0O 
1 . 700J-08 
1 .750J-0O 
I .800J-O8 
1 .8D0d-08 
1 .900d'08 
I .350d-08 
2.000d-08 
2.050d-00 
2. 100d-08 
2. I50J-08 
2. 200d-0B 
2.250d-08 
2 . 300d-08 
2.350d-08 
2.400d-08 
2. 450d-0O 
2 . 500d-08 
2.550J-08 
2. 800J-0O 
2.6S0d-0O 
2.700d-08 
2 . 750d-00 
Z.ZBB'l-att 

2. C50J-08 
2.9PHJ-0O 
2.OS0d-OC 
3.000J-0O 
3.090d-08 
3. 100J-0O 

3.  150*J-0O 
3 . 200-J“0O 
3.2SOd-0O 
3. 300J-0O 
3.350J-0O 
3.400.J-0O 
3 . 450 J -00 
3.S00d-0O 
3. 55 0d-0O 
3.600d-08 
3 . 650d“08 
3. 700d-0O 
3. 750-J-0C 
3.800d-08 
3.8S0d-08 
3.900d-0O 
3.350J-0O 
4 . 000d " 08 


1.3£Sd-*7  X 
1 .355d-07  X 
1 . 355d-07  x 
1 . 35 5d-07  X 
1 . 355d-07  X 

1.3S5d~07 

1 . 355d-07 
1 . 356d-07  • 
l.357d-«7  * 

5 .6l5d-0l  . 

1  .  820d*00  . 
2.642d>00  . 
3.3F2d*00  . 

3 . 890d*00  . 

4 . 1 02d*00  . 

4 . 1 98d*00  . 
4.3]0d+00  . 

4 . 4 | 5d+00  . 
4.51 2d+&9  . 
4.5?7d*00  . 

4 . 66-7d*  00  . 

4 . 73 1 d*00  . 
4.7$id*00  . 

4 . 8  2  2d *00  . 
4.855d*00  . 

4 . 8£3d  +  00  . 

4 . 9F5d*00  . 
4.924d*O0  . 

4 . 9J9d*08  - 
4 . 95 ld^O0  . 

4 . 9E*  1  d  +  00  . 
4.9fc8d*00  . 

4 . 974d*00  . 
4.979d*00  . 
4.982d*00  . 

4 . 97  2d*00  . 

4 . 9F4d*00  . 
4.76.0d*00  . 

4 . 545d*00  . 

4 . 2S2d*00  . 
3.9F3d+00  . 
3- S27d*00  . 
3.113d*00  . 

2  •  697d*00  . 

2 . 276d+00  .♦ 
I . 8i5d*00  .♦ 
I.SI5d»*0  .♦ 
1 . I 98d*O0  .♦ 
9  •  3 1 6d-0 1  .♦ 
0.966d-01  ♦ 

5 . 3?7d-0 1  ♦ 

3 • 922d-0|  ♦ 
2.8fc3d-0J  ♦ 

2 . I 25d-0 1  ♦ 
1-51 5d-0 I  ♦ 
|.l?7d-0I  ♦  • 
0 .01 5d"02 
5  •  S96d-02  ♦* 
4 . I 43d“02  X 
2 . 94Gd“02  X 
2.0?0d-0Z  X 
1 . 5  <  6  d  -  8  2  X 
I . 070d-82  X 
7 . 75  Id- 03  X 
5.5€9d-03  X 
3 • 8E2d“03  X 
2.852d-03  X 
2 . 82 l d"83  X 
1  -  43 ld-03  X 
I.043d”83  X 
7.3F9d-04  X 
5. 2PId-04  X 
3.8F0d”04  X 
2 . 625d-04  X 
1 . 94fid~ 04  X 
|.379d-04  X 
9 . 7f 4d“0S  X 
7.  1  2'3d”05  X 
4 . 9?3d”05  X 
3.61 8d"05  X 
2 . 529d“05  X 


Figure  C-12.  SPICE  Plot  Section  1  Input  101  Two  Node 
Precharge  with  Gate  Widths  x3 
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MRIGHT-PATTERSON  AFB  OH  SCHOOL  OF  ENGI.  .  B  T  KELLEV 
14  DEC  84  AFIT/GE/ENG/84D-41  F/G  20/12 


NL 
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MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS- 1%3-A 
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w  •  . 


'12/01/84 


SPICE  2G.1  < 1 5OCT80 ) 


*00:31:54* 


CMOS/SOS  BITSLICE  SECTION  1  WITH  FOUR  NODES  PRECHARGED 


INPUT  L ISTING 


TEMPERATURE 


27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

•MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 
♦LEVEL-1 


VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-5.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-5.0U 

M3  1  3  6  0  NMOS  L-5.0U  W-5.0U 

M4  1  3  7  0  NMOS  L-5.0U  W-5.0U 

M5  2  8  1  1  PMOS  L-5.0U  W-10.0U 

MG  5  8  1  1  PMOS  L-5.0U  W-10.0U 

M7  6  8  1  1  PMOS  L-5.0U  W-10.0U 

M8  7  8  1  1  PMOS  L-5.0U  W-10.0U 

M9  1  9  7  1  PMOS  L-5.0U  W-10.0U 

M10  10  9  7  0  NMOS  L-5.0U  W-30.0U 
Mil  12  11  10  0  NMOS  L-5.0U  W-30.0U 
Ml 2  1117  1  PMOS  L-5.0U  W-10.0U 
M13  1  7  13  1  PMOS  L-5.0U  W-10.0U 
Ml  4  0  14  12  0  NMOS  L-5.0U  W-30.0U 
Ml 5  16  6  0  0  NMOS  L-5.0U  W-15.0U 
Ml  6  16  7  13  0  NMOS  L-5.0U  W-15.0U 
Ml  7  1  G  13  1  PMOS  L-5.0U  W-10.0U 

Ml  8  114  7  1  PMOS  L-5.0U  W-10.0U 

Ml  9  1  14  6  1  PMOS  L-5.0U  W-10.0U 

M20  17  14  6  0  NMOS  L-5.0U  W-30.0U 
M2 1  19  18  17  0  NMOS  L-5.0U  W-30.0U 
M22  1  18  6  1  PMOS  L-5.0U  W-10.0U 
M23  0  20  19  0  NMOS  L-5.0U  W-30.0U 
M2 4  22  21  11  0  NMOS  L-5.0U  W-5.0U 
M25  1  20  6  1  PMOS  L-5.0U  W-10.0U 
M26  22  23  11  1  FMOS  L-S.0U  W-10.0U 
M27  0  11  20  0  NMOS  L-5.0U  W-15.0U 

M28  1  11  20  1  PMOS  L-5.0U  W-30.0U 

M29  1  20  5  1  PMOS  L-5.0U  W-10.0U 
M30  25  24  0  0  NMOS  L-5.0U  W-15.0U 
M3 1  25  20  5  0  NMOS  L-5.0U  W-15.0U 
M32  1  5  26  1  PMOS  L-5.0U  W-10.0U 

M33  1  24  5  1  PMOS  L-5.0U  W-10.0U 

M34  27  5  23  0  NMOS  L-5.0U  W-30.0U 

M35  0  23  14  0  NMOS  L-5.0U  W-15.0U 

M36  29  2  27  0  NMOS  L-5.0U  W-30.0U 

M37  1  23  14  1  PMOS  L-5.0U  W-30.0U 

M38  1  2  26  1  PMOS  L-5.0U  W-10.0U 

M39  1  30  2  1  PMOS  L-5.0U  W-10.0U 

M40  31  21  23  0  NMOS  L-5.0U  W-5.0U 
M4!  0  23  29  0  NMOS  L-5.0U  W-30.0U 
M42  32  1100  NMOS  L-5.0U  W-15.0U 
M43  32  30  2  0  NMOS  L-5.0U  W-15.0U 
M44  11121  PMOS  L-5.0U  W-10.0U 
M45  31  23  23  1  FMOS  L-5.0U  W-10.0U 
M46  1  23  26  1  PMOS  L-5.0U  W-10.0U 
C47  1  0  0. 1602PF 


032 


-.-VS*  n-o.-L’.n*' 


C4  8  28  0  0. 207  PF 
C 9  21  0  0.51PF 
C50  0  0  0.  1174PF 
CGI  11  0  0.297PF 
C52  2G  0  0. 134PF 
C53  2  0  0.274PF 
C54  29  0  0.86PF 
C55  14  0  0.202PF 
C56  5  0  0.283PF 
C57  20  0  0. 151PF 
C58  6  0  0.303PF 
C59  19  0  0.86PF 
C60  7  0  0.271PF 
C61  130  0. 134PF 
C62  12  0  0.86PF 
C63  3  0  0.50PF 

VA0  31  0  PULSE  <0V  5V  0NS  0NS  0NS  10NS) 

VB0  22  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VPHI1  21  0  PULSE  15V  SV  0NS  0NS  0NS  10NS) 

VPH 1 1  BAR  23  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS 2  9  0  PULSE  <SV  5V  0NS  0NS  0NS  10NS ) 

VS3  18  0  PULSE  ( 5V  5V  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  (0V  SV  4NS  0NS  0NS  2NS) 

VP  1  BAP.  8  0  PULSE  (SV  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V( 1 3 )  V<2S>  (0V.5V) 


1 


12/01/84  **««**•*  SPICE  2G.1  (15OCT80)  ******««00 : 32 :04 

CMOS /SOS  B1TSLICE  SECTION  1  WITH  FOUR  NODES  PRECHARGED 


0 

.?****  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 

IT********************************************************. »••«•••••*«***, 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦  LEVEL  » 1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E 1 5  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-5.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-5.0U 

M3  1  3  6  0  NMOS  L-5.0U  W-5.0U 

M4  1  3  7  0  NMOS  L-5.0U  W-5.0U 

M5  2  8  1  1  PMOS  L-5.0U  W-10.0U 

M6  5  8  1  1  PMOS  L-5.0U  W-10.0U 

M7  6  8  1  1  PMOS  L-5.0U  W-10.0U 

M8  7  8  1  1  PMOS  L-5.0U  W-10.0U 

M9  1  9  7  1  PMOS  L-5.0U  W-10.0U 

M10  10  9  7  0  NMOS  L-5.0U  W-30.0U 
Mil  12  11  10  0  NMOS  L-5.0U  W-30.0U 
M12  1  11  7  1  PMOS  L-5.0U  W-10.0U 

M13  1  7  13  1  PMOS  L-5.0U  W-10.0U 

Ml  4  0  14  12  0  NMOS  L-5.0U  W-30.0U 
Ml  5  16  6  0  0  NMOS  L-5.0U  W-15.0U 
M 1 6  16  7  13  0  NMOS  L-5.0U  W-15.0U 
Ml  7  1  6  13  1  PMOS  L-5.0U  W-10.0U 

Ml  8  1  14  7  1  PMOS  L-5.0U  W-10.0U 

Ml 9  1  14  6  1  PMOS  L-5.0U  W-10.0U 

M20  17  14  6  0  NMOS  L-5.0U  W-30.0U 
M2 1  13  18  17  0  NMOS  L-5.0U  W-30.0U 
M22  1  13  6  1  PMOS  L-5.0U  W-10.0U 
M23  0  20  19  0  NMOS  L-5.0U  W-30.0U 
M24  22  21  11  0  NMOS  L-5.0U  W-5.0U 
M25  1  20  6  1  PMOS  L-5.0U  W-10.0U 
M26  22  23  11  1  FMOS  L-5.0U  W-10.0U 
M27  0  11  20  0  NMOS  L-5.0U  W-15.0U 

M23  1  11  20  1  PMOS  L-5..0U  W-30.0U 

M29  1  20  5  1  PMOS  L-5.0U  W-10.0U 
M30  25  24  0  0  NMOS  L-5.0U  W-15.0U 

M3 1  25  20  5  0  NMOS  L-5.0U  W-15.0U 

M32  1  S  26  1  PMOS  L-5.0U  W-10.0U 

M33  1  24  5  1  PMOS  L-5.0U  W-10.0U 

M34  27  5  26  0  NMOS  L-5.0U  W-30.0U 

M35  0  23  14  0  NMOS  L-5.0U  W-15.0U 

M36  23  2  27  0  NMOS  L-5.0U  W-30.0U 

M37  1  23  14  1  PMOS  L-5.0U  W-30.0U 

M38  1  2  26  1  PMOS  L-5.0U  W-10.0U 

M39  1  30  2  1  PMOS  L-5.0U  W-10.0U 

M40  31  21  23  0  NMOS  L-5.0U  W-5.0U 
M41  0  23  29  0  NMOS  L-5.0U  W-30.0U 
M4Z  32  11  0  0  NMOS  L-5.0U  W-15.0U 

M43  32  30  2  0  NMOS  L-5.0U  W-15.0U 

M44  11121  PMOS  L-5.0U  W-10.0U 
M45  31  23  23  1  FMOS  L-5.0U  W-10.0U 
M46  1  23  2S  1  PMOS  L-5.0U  W-10.0U 
C47  100. 1602PF 


C49  21  0  0.51PF 
C5 3  000. 1 174PF 
C51  110  0. 297PF 
C52  26  0  0. 134PF 
C53  2  0  0.274PF 
C54  29  0  0.86PF 
C55  14  0  0.202PF 
C56  5  0  0.283PF 
C57  20  0  0. 151PF 
C58  6  0  0.303PF 
C59  19  0  0.86PF 
C60  7  0  0.271PF 
C61  1300. 134PF 
C62  12  0  0.86PF 
C63  3  0  0.50PF 

VA0  31  0  PULSE  <5V  0V  0NS  0NS  0NS  10NS) 

VB0  22  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VP  HI  1  21  0  PULSE  ( 5V  5V  0NS  0NS  0NS  10NS) 

VPH 1 1  BAR  23  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  <0V  3V  0NS  0NS  0NS  10NS> 

VS2  9  0  PULSE  <  5V  5V  0NS  0NS  0NS  10NS) 

VS3  18  0  PULSE  ( 5V  5V  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  (0V  5V  4NS  0NS  0NS  2NS ) 

VP  1  BAP.  8  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS) 

.TRAM  0.5NS  40NS 

.PLOT  TRAN  V( 1 3 )  V(2G)  <0V,5V) 

•  END 


1 . . .  SPICE  EC. I  (150CT8SI  . . . . 

»  CHOS/SOS  SITSUCE  SECTION  t  WITH  POUN  NOOES  PRECHANCED  *| 

*****  TRANSIENT  ANALYSIS  TEMPERATURE  .  J7.»M  DEC  C 


VUS) 

* '  d**R  2.5ffd.ff  3 . 5 .  ftad.RR 


f.  4+00 

9.0354-00  X 

5 .  10 

9.0354-08  X 

J .0004-09 

9.03S4-00  X 

1 .5004-09 

9 . 0354-08  X 

2.0004-0  9 

9 . 9354-08  X 

2 . 5004-09 

9.0354-08 

3.0004-89 

9 . 0254-08  *  ♦ 

3 . 5004-09 

9.0504-08  *  ♦ 

4.0004-09 

9.0444-08  •  ♦ 

4 . 5004-09 

9.0714-08  •  ♦ 

5.0004-99 

9.1604-08  •  ♦ 

5 . 500d-09 

9.3454-08  •  ♦ 

6 . 0004-09 

9.6214-08  •  ♦ 

6.5004-99 

3.4784-04  « 

•  ,  , 

7.0004-99 

6.0774-03  • 

♦  , 

7.5004-09 

3.2574-02  • 

♦ 

0.0004-09 

9 . 6364-02  .• 

9.5004-09 

2.2334-01  .  • 

,  ♦ 

9.0004-09 

3.9294-01  .  • 

,  ♦ 

9.5004-99 

6.6764-01  .  • 

1 .0004-08 

1 .0294*00  . 

•  .  *  . 

1 .0504-00 

1.4454*90  . 

.  •  *  . 

I . 1004-08 

1.9464*00  . 

•  * 

1 . 150d-98 

2.4774*09  . 

l  .200d-O9 

2.9694*00  . 

.  * 

1 .2504-98 

3.4364*00  . 

*  * . 

1 . 300d-00 

3.8254*00  . 

•  ♦ 

1 .3*04-98 

4.1 344*00  . 

1 .4004-98 

4.3714*00  . 

,  ♦ 

1.4504-98 

4.5664*90  . 

.♦ 

1.5004-98 

4.667 4*00  . 

1.5504-90 

4.7634*00  ,  ♦ 

1.6004-98 

4.8624*00  .  ♦ 

1.6504-00 

4 . 8934*00  .  ♦ 

1.7094-99 

4.9764*00  .  ♦ 

1 . 7504-00 

4.9454*00  .  ♦ 

1 .0094 -90 

4.949 4*00  .  ♦ 

1.8504-98 

4.9774*00  .  ♦ 

1.9094-00 

4.8554*00  .  ♦ 

1.9504-08 

4.7114*00  .♦ 

2.000d-98 

4.4694*00  .♦ 

2.0504-98 

4 . 1 58d*00  .♦ 

2.1004-98 

3.7504*00  .♦ 

2 . 1  504-98 

3.2614*00  ♦ 

2.2004-98 

2.7314*00  ♦ 

• 

2.2504-98 

2.1624*00  * 

• 

2.3094-08 

1.6294*00  ♦ 

2.3504-08 

1.1374*00  * 

• . 

2.4004-98 

7.8284-01  ♦  • 

2.4504-08 

4.8974-01  ♦  • 

2.5004-08 

3.0354-01  ♦  • 

2.5504-98 

1.842d-01  ♦  • 

2.6004-08 

9.9664-02 

2.6504-98 

5.9054-02 

2 . 7014-00 

3.4724-82  X 

2.7504-00 

1.8634-02  X 

2.8904-08 

1 .0434-02  X 

2.0504-80 

6.  1494-03  X 

2.9004-98 

3.1664-03  X 

2.9584-00 

1.8144-03  X 

3.0004-90 

9.9654-04  X 

3.0504-09 

4.9524-04  X 

3.1004-90 

2.9924-04  X 

3.  1504-88 

1.5714-04  X 

3.2004-80 

0.3054-05  X 

3.2504-98 

4.7694-05  X 

3.3904-09 

2.4254-05  X 

3.3584-00 

1.3614-05  X 

3 . 4084-08 

7.5604-06  X 

3.4504-08 

3.7534-06  X 

3.5094-00 

2.2934-06  X 

3.5504-88 

1.2384-06  X 

3.6094-08 

6.9344-07  X 

3.6504-00 

4.3664-07  X 

3.7094-00 

2.6«5d-07  X 

3.7504-08 

1.8914-07  X 

3. 0004-00 

l .4404-07  X 

3. 0504-00 

1  .  1664-07  X 

3.9004-00 

1.0624-07  X 

3.9504-00 

9.8554-08  X 

4 .0004-08 

9.4534-08  X 

Figure  C-16.  SPICE  Plot  Section  1  Input  101  Four 
Node  Precharge  With  Basic  Widths 


0LCCENO i 

•i  V< 1 3  > 
♦ i  V(26> 
X 

TIME 
X  f  *♦  1 - - 


1 


12/01/84  --*****«  SPICE  2G.1  (15OCT80)  ********00:34:49 

CMOS/SOS  BITSLICE  SECTION  1  WITH  FOUR  NODES  PRECHARGED 


0***»  INPUT  LISTING  TEMPERATURE  »  27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  I TL 1-500  ITL5-0 

.MODEL  NMOS  HMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

.MODEL  PMOS  PMOS  (VTO--IV  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1320  NMOS  L-5.0U  W-10.0U 
M2  1  3  5  0  NMOS  L-5.0U  W-10.0U 

M3  1  3  6  0  NMOS  L-5.0U  W-10.0U 

M4  1  3  7  0  NMOS  L-5.0U  W-10.0U 

M5  2  8  1  1  PMOS  L-5.0U  W-20.0U 

M6  5  8  1  1  PMOS  L-5.0U  W-20.0U 

M7  6  8  1  1  PMOS  L-5.0U  W-20.0U 

M8  7  8  1  1  PMOS  L-5.0U  W-20.0U 

M9  1  9  7  1  PMOS  L-5.0U  W-10.0U 

M10  10  9  7  0  NMOS  L-5.0U  W-30.0U 
Mil  12  11  10  0  NMOS  L-5.0U  W=30.0U 
M 1 2  11171  PMOS  L-5.0U  W-10.0U 
Ml  3  1  7  13  1  PMOS  L-5.0U  W-10.0U 
Ml  4  0  14  12  0  NMOS  L-5.0U  W-30.0U 
Ml  5  16  6  0  0  NMOS  L  =  S.0U  W-15.0U 
Ml  6  16  7  13  0  NMOS  L-5.0U  W-15.0U 
Ml  7  1  6  13  1  PMOS  L-5.0U  W-10.0U 

Ml  8  1  14  7  1  PMOS  L-5.0U  W-10.0U 

Ml  9  1  14  6  1  PMOS  L  =  5.0U  W-10.0U 

M20  17  14  6  0  NMOS  L-5.0U  W-30.0U 
M2 1  19  13  17  0  NMOS  L-5.0U  W-30.0U 
M22  1  18  6  1  PMOS  L-5.0U  W-10.0U 
M23  0  20  19  0  NMOS  L-5.0U  W-30.0U 
M24  22  21  11  0  NMOS  L-5.0U  W-5.0U 
M25  1  20  6  1  PMOS  L-5.0U  W-10.0U 
M26  22  23  11  1  FMOS  L-S.0U  W-10.0U 
M27  0  11  20  0  NMOS  L-5.0U  W-15.0U 

M28  1  11  20  1  PMOS  L-5.0U  W-30.0U 

M29  1  20  5  1  PMOS  L-5.0U  W-10.0U 
M30  25  24  0  0  NMOS  L-5.0U  W-15.0U 
M3 1  25  20  5  0  NMOS  L=5.0U  W-15.0U 
M32  1  5  26  1  PMOS  L-5.0U  W-10.0U 

M33  1  24  5  1  PMOS  L-5.0U  W-10.0U 

M34  27  S  26  0  NMOS  L-5.0U  W-30.0U 

M35  0  23  14  0  NMOS  L-5.0U  W-15.0U 

M36  29  2  27  0  NMOS  L-5.0U  W-30.JU 

M37  1  23  14  1  PMOS  L-5.0U  W-30.0U 

M38  1  2  26  1  PMOS  L-5.0U  W-10.0U 

M39  1  30  2  1  PMOS  L-5.0U  W-10.0U 

M40  31  21  23  0  NMOS  L-5.0U  W-5.0U 
M41  0  23  23  0  NMOS  L=S.0U  W-30.0U 
M42  32  1100  NMOS  L-5.0U  W-15.0U 
M43  32  30  2  0  NMOS  L-5.0U  W- 1 5 . 0U 
M44  11121  PMOS  L-5.0U  W-10.0U 
M45  31  23  28  1  FMOS  L-5.0U  W-10.0U 
M4G  1  23  26  1  PMOS  L-5.0U  W-10.0U 
C47  1  0  0. 1602PF 


C48  28  0  0.207PF 
C-',9  21  0  0.51PF 
C50  000. 1 174PF 
C51  11  0  0.297PF 
C52  26  0  0. 134PF 
C53  2  0  0.274PF 
C54  29  0  0.36PF 
C55  14  0  0.202PF 
C56  5  0  0.283PF 
C57  20  0  0. 151PF 
C58  6  0  0'.  303PF 
C59  19  0  0.86PF 
CS0  7  0  0.271PF 
C61  130  0. 134PF 
C62  12  0  0.86PF 
C63  3  0  0.50PF 

VA0  31  0  PULSE  (0V  5V  0NS  0NS  0NS  10NS) 

VE0  22  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS> 

VPHI1  21  0  PULSE  (5V  SV  0NS  0NS  0NS  10NS) 

VPH 1 1  BAR  23  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VS2  9  0  PULSE  (EV  5V  0NS  0NS  0NS  10NS) 

VS3  18  0  PULSE  (5V  5V  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  (0V  5V  4NS  0NS  0NS  2NS ) 

VP  1  BAR  3  0  PULSE  ( 5V  0V  4NS  0NS  0NS  2NS) 
.TRAN  0.5NS  40NS 

•  PLOT  TRAN  V (  1  3  )  V(26>  !0V,5V> 

•  END 


. . . . .  SPICE  2C.I  (I5OCT00I  . 00,34.43 . 

0  CMOS/SOS  8ITSLICE  SECTION  I  WITH  POUR  NODES  PRECHARGED  V*. 

0-***  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  OEC  C 


01EGENO. 

•«  V(131 
♦  *  V ( 2  6  > 

X 

TIME  VU3I 


*•  <*+*•  1 . 2504*00  2 . 5004*00  3 . 7504*00  5.0004*00 


0.  4*00 

5.0004*00 

5.0004-10 

5.0004*00 

1 .0004-09 

5.0004*00 

I .5004-09 

5.0004*00 

2.0004-09 

5.0004*00 

2.5004-09 

5.0004*00 

3.0004-09 

5.0004*00 

3.5004-09 

5.0004*00 

4.F004-09 

5.0004*00 

4.5004-09 

5.0004*00 

5.0004-09 

4.9984*00 

5.5004-09 

4.9244*00 

$.0004-09 

4.6634*00 

6 . 5O0d-09 

4.2144*00 

7.0004-09 

3.6034*00 

7.5004-09 

2.9484*00 

♦ 

0.0004-09 

2.2924*00 

* 

0.5004-09 

I • 6P74*00 

* 

9.0004-09 

1 . 1664*00 

♦ 

•  _ 

9.5004-09 

7.6624-01 

♦  • 

I .0004-00 

4.7684-01 

♦  • 

1 .0504-08 

2.8034-01 

. 

1 . 1004-08 

1 .6684-01 

. 

1 . 1504-08 

9.8994-02 

.X 

1 .2004-00 

5.6484-02 

.X 

1 .2504-00 

3.294 4-02 

1.3004-00 

1 .8424-02 

*  ♦ 

1.3504-00 

1 . 1 1 2d-02 

*  ♦ 

1 .4004-00 

S. 7774-03 

*  ♦ 

1 .4504-00 

3.2214-03 

•  ♦ 

1 .5004-00 

1 .01 ld-03 

•  ♦ 

1 .5504-00 

9.4034-04 

•  * 

1 .0004-00 

5.6784-04 

*  ♦ 

1 .$504-00 

4.6704-03 

*  ♦ 

1 . 7004-00 

1.2194-02 

♦  . 

1 . 7504-08 

5.3284-02 

• 

♦ . 

1 .0004-00 

1.2284-01 

• 

.  ♦ 

1 .0504-00 

2 . 3664-01 

• 

1 .9004-00 

4.5184-01 

• 

1 . 950d-08 

7 . 1674-01 

• 

2.0004-00 

1 ■ 1064*00 

• 

2.0504-08 

1.5534*00 

2.1004-08 

2.0454*00 

2.1504-08 

2.5764*00 

2.2004-08 

3.0624*00 

2.2504-00 

3.5074*00 

2.3004-08 

3.8654*00 

2.3504-08 

4.1634*00 

2 . 4004-08 

4.4094*00 

.  4504*08 

4.5924*00 

2.5004-08 

4.71 04*00 

2.5504-08 

4.7994*00 

2.6004-08 

4.8674*00 

2 . 6  50d -08 

4 . 905d*00 

2.70O4-08 

4.9264*00 

2.7504-00 

4 . 957d*00 

2.8004-08 

4.97 04*00 

2  .  C 5 04 -00 

4  >604*00 

2.9004-80 

4 . 9664*00 

2 . 950d-08 

4.9914*00 

3.0004-00 

4 . 9944*90 

3.0504-08 

4  ■  996d*O0 

3.  1094-00 

4.9974*00 

3. 1504-00 

4 . 99Od*O0 

3.2004-00 

4.9994*00 

3.2504-00 

4 . 9994*00 

3.3004-08 

4.9994*00 

3.3584-08 

5 . 0004*00 

3.4004-00 

5 . 0604*00 

3.4504-08 

5.000d*O0 

3.5084-00 

5.0004*00 

3.5504-00 

5.0004*00 

3 .  C004-08 

5.0004*00 

3.65O4-0O 

5.0004*00 

3.7084-08 

5.0004*09 

3.75O4-0O 

5.0004*00 

3 . C 004 -00 

5 . 000d*00 

3.0504-00 

5 . 000d*00 

3.9004-00 

5 . 0004*00 

3.9504-00 

5.000d*00 

4.0004-08 

5.0004*00 

X 

X 

X 

X 

X 

X 

X 


Figure  C-17.  SPICE  Plot  Section  1  Input  010  Four 
Node  Precharge  with  Gate  Widths  x2 


1***»* **12/01/84  ********  SPICE  2G.1  (15OCT80)  ******* ««05 : 4g . 23**** 

0  CMOS/SOS  BITSLICE  SECTION  1  WITH  FOUR  NODES  PRECHARGED 

0****  INPUT  LIFTING  TEMPERATURE  =  27.000  DEG 


.WIDTH  OUT=80 
.OPTIONS  ITL 1 =500  I TL 5 
.MODEL  NMOS  NMOS  (VTO= 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  <VTO=> 

♦LEVEL* 1 

VDD  1  0  DC  5V 


*0 

IV  TOX=75NM  UO=  400  NSUB  =  2.5E1S  LD*0.7UM) 
-IV  TOX-75NM  UO*200  NSUB*3E15  LD-0.7UM) 


Ml 
M2  1 
M3  1 
M4 
M5 
MG 
M7 
M8 


0  NMOS  L=5.0U 


3 
3 
3 
3 

8  1  1  PMOS 
8  1  1  PMOS 


0  NMOS 
0  NMOS 
0  NMOS 


M9  I 
M10  10 


L  *5 . 0U 
L*5 .0U 
L  =  5 . 0U 
L  *5 . 0U 
L=5.0U 
8  1  1  PMOS  L=5.0U 
L*5.0U 
L  =  5 . 0U 
970  NMOS  L=S. 


8  1  1  PMOS 

9  7  1  PMOS 


Mil  12  11  10  0  NMOS  L» 
Ml  2  1  11  7  1  PMOS  L  =  5 . 

M 1 3  1  7  13  1  PMOS  L  =  5 . 

M 1 4  0  14  12  0  NMOS  L  =  5 
Ml  5  1G  6  0  0  NMOS  L  =  5 
M 1 6  16  7  13  0  NMOS  L=5 
M 1 7  1  G  13  1  PMOS  L  =  5 . 

M3  1  14  7  1  PMOS  L*5. 

Ml  9  1  14  G  1  PMOS  L  =  5 . 

M20  17  14  G  0  NMOS  L=5 
M2 1  19  13  17  0  NMOS  L» 
M22  1  18  6  1  PMOS  L  =  5. 
M23  0  20  19  0  NMOS  L  =  5 
M2 4  22  21  1  1  0  NMOS  L  = 
M25  1  20  6  1  PMOS  L  =  5. 
M26  22  23  11  1  FMOS  L= 
M27  0  1  1  0  NMOS  L  =5 

M23  1  11  20  1  PMOS  L  =  5 

M29  1  20  5  1  PMOS  L  =  5. 
M30  25  24  0  0  NMOS  L-5 
M3!  25  20  5  0  NMOS  L=5 
M32  1  S  2G  1  PMOS  L=5. 
M33  1  24  5  1  PMOS  L=5. 
M3 4  27  5  25  0  NMOS  L  =  5 

M35  0  23  140  NMOS  L=5 

M36  29  2  27  0  NMOS  L=5 

14  1  PMOS  L=5 

2G  1  PMOS  L  =  5 . 
M3 3  I  20  2  1  PMOS  L=5. 
M40  31  21  23  0  NMOS  L= 
M41  0  20  23  0  NMOS  L=5 


M37  1  2C 
M33  1 


M42  32  11  00  NMOS  L=5 
M43  32  30  2  0  NMOS  L=5 
M44  11121  PMOS  L=5 . 
M45  31  23  23  1  FMOS  L= 
M4G  1  23  25  1  PMOS  L=5 
C  4  7  1  0  0. 1502PF 


WM0.0U 
W=10.0U 
W-10.0U 
W=10.0U 
W=20.0U 
W-20.0U 
W-20.0U 
W-20.0U 
W= 1 0 . 0U 
0U  W=30.0U 
5.0U  W=30.0U 
0U  W*10.0U 
0U  W=*10.0U 
-0U  W=30.0U 
0U  W=1S.0U 
0U  W=1S.0U 
0U  W=10.0U 
0VJ  U-10.0U 
0U  W* 10 . 0U 
•0U  W=30.0U 
5.0U  W=  30 . 0U 
0U  W=10.0U 
■0U  W=30.0U 
5.0U  W=5.0U 
0U  W=10.0U 
5.0U  W-10.0U 
■0U  W*15.0U 
■0U  W=30.0U 
0U  W=10.0U 
■0U  W= 1 5 . 0U 
•0U  W* 1 5 . 0U 
0U  W=10.0U 
0U  W=10.0U 
.0U  W=  30 . 0U 
.0U  W= 1 5 . 0U 
.0U  W=30.0U 
.0U  W=30.0U 
0U  W=10.0U 
0U  W=I0.0U 
5.0U  W=5.0U 
■  0U  W=  30 . 0U 
■0U  W= 1 5 . 0U 
•0U  W= 1 5 . 0U 
0U  W=10.0U 
5.0U  W=10.0U 
•0U  W=10.0U 


C-41 


C43  23  0  0.207PF 
C 9  21  0  0.51PF 
CS0  0  0  0.1  1  74PF 
C51  11  0  0.297PF 
C52  2600. 134PF 
C53  2  0  0.274PF 
C54  29  0  0. 36PF 
C55  14  0  0.202PF 
C56  5  0  0.233PF 
C57  20  0  0. 151PF 
C58  6  0  0.303PF 
C59  19  0  0. 86PF 
C60  7  0  0.271PF 
C61  1300. 134PF 
C62  12  0  0.86PF 
C63  3  0  0.50PF 

VA0  31  0  PULSE  ( 5 V  0V  0NS  0NS  0NS  10NS> 

VB0  22  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VPHI1  21  0  PULSE  <  5 V  5V  0NS  0NS  0NS  10NS) 

VP H I  1  BAR  23  0  PULSE  ( 0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS ) 

VS2  9  0  PULSE  (&V  5V  0NS  0NS  0NS  10NS > 

VS3  18  0  PULSE  ( 5 V  5V  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  <0V  5 V  4NS  0NS  0NS  2NS ) 

VP  1  BAR  8  0  PULSE  { 5V  0V  4NS  0NS  0NS  2NS ) 

•TRAN  0.5NS  40NS 

.PLOT  TRAN  V ( 1 3 )  V<26>  (0V.5V) 

•  EM 


I •**•**•12/01/84  ••••••••  SPICE  2C.1  ( 15OCT80 >  , 4( , 

0  CKOS/SOS  BITSLtCE  SECTION  1  WITH  POUR  NODES  PRECHARGED  *2. 

«*•••  TRANSIENT  ANALYSIS  TEMPERATURE  •  27.000  DEG  C 

. . . . . . . . . 


0L  EGENO  t 


•»  Vfl3> 

♦  *  V  (  26  ) 

TIME 

(*♦>- - - 

V<  13) 

0*00 

1.2500*00 

2.5000*00 

3.7500*00 

5.0000*01 

0.  0*00 

f .0254-08 

X 

5 .0000- 10 

9.02Sd-08 

X 

1 .0000-09 

9.0?Sd-08 

X 

1  .  500d-09 

9.0250-08 

X 

2.000d-09 

9.0250-00 

X 

2 . 500d-09 

9.0250-08 

•  • 

3 . 000d-09 

9.0250-08 

•  ♦ 

3  .  S00d-09 

9.0280-08 

•  ♦ 

4.0000-09 

9.0440-08 

•  ♦ 

4 . 5000-09 

9.0700-00 

•  ♦ 

5 . 000d-09 

9. 1 49d-08 

•  ♦ 

5 . 500d-f 9 

9.3000-08 

♦ 

6 . 000d-09 

9. 5140-08 

♦ 

6 . 500d-09 

9.7740-08 

♦ 

7 . 000d-09 

8.3000-04 

• 

♦ 

7.500d-09 

1.3190-02 

* 

♦ 

8 . 000d-09 

5.3970-02 

.  • 

♦ 

e  .S00d-09 

1.4530-01 

• 

♦ 

9 . 000d-09 

2.7430-01 

• 

♦ 

9 . 500d-09 

4.9030-01 

• 

* 

1 . 0000-00 

7.9770-01 

• 

* 

1 . 050d-08 

1 . 1 600*00 

•  __ 

* 

1  .  1 00d  *00 

1 . 624d*00 

• 

♦ 

I . l50d-00 

2. 1 4 1 d*00 

•  .  ♦ 

1 .200J-00 

2.6690*00 

♦  • 

1 . 2500-00 

3. 1540*00 

♦ . 

• 

1  .  3000-08 

3.5970*00 

♦ 

• 

1 . 350d-08 

3.9260*00 

♦ 

• 

I  .  4 00d -08 

4.2790*00 

♦ 

* 

1  . 4500-08 

4.4600*00 

.  ♦ 

• 

1 . S00d-08 

4.6050*00 

♦ . 

• 

1.5500-08 

4 . 7210*00 

♦ 

• 

l  .608.J-08 

4 . 8070*00 

♦ 

• 

1.6500-08 

4 . 8640*00 

♦ 

• 

1 . 7000-08 

4.9050*00 

♦ 

•  _ 

l  .  7500-08 

4.9760*00 

♦ 

•  # 

1 .8004-08 

4.9270*00 

♦ 

• . 

I  .  C50d-00 

4 .9170*00 

♦ 

• . 

1 . 900d-08 

4.8430*00 

♦ 

» 

1 . 9500-00 

4 . 692d*00 

.  ♦ 

• 

2.000d-08 

4.4540*00 

.  ♦ 

• 

2.0500-08 

4. 1490*00 

.  ♦ 

• 

2.  I00d-08 

3.7200*00 

.  ♦ 

• 

2.  I50d-08 

3 . 24  7d*00 

♦ 

• 

2 . 200d-08 

2. 700d*00 

♦ 

• 

2 . 250d-08 

2.1430*00 

♦ 

• 

2.300d-08 

1.5940*00 

♦ 

• 

2.3500-08 

1 .1270*00 

♦ 

•  4 

2.4000-08 

7.6480-01 

♦ 

• 

2 . 450d-08 

4.7090-01 

♦  • 

2.500d-08 

3.0270-01 

♦  • 

2 . 550d -08 

1 .7440-01 

♦  • 

2 . 600d -08 

1 .0730-01 

2 . 650d -08 

5.8220-02 

2. 780.J-00 

3.3200-02 

X 

2. 750d-00 

l .777d-02 

X 

2 . 8004-00 

1 . 079d-02 

X 

2 . C50d -  00 

5 . 800d -03 

X 

2.3000-0 0 

3 .073d-83 

X 

2.950O-UO 

1 . 7990-03 

X 

3.009J-08 

9.2290-04 

X 

3 . 0500-00 

5.2270-04 

X 

3. 1  000-00 

2 . 8620-04 

X 

3  .  1  500-08 

1.4280-04 

X 

3.2000-00 

8.5590-05 

X 

3.2500-00 

4 . 504d-05 

X 

3. 3O0d-08 

2.355O-0S 

X 

3. 350d-08 

1 .3690-85 

X 

3 . 400.J-0O 

6.9610-06 

X 

3. 450d-08 

3.9670-06 

X 

3.5000-08 

2.21 10-06 

X 

3 . 5500-00 

1 .1220-06 

X 

3 . 600-1-08 

7 . 1260-07 

X 

3 . 0580-08 

4.1680-07 

X 

3.7000-00 

2.596d-07 

X 

3. 750d-OO 

l . 8630-07 

X 

3.0000-80 

1  .  3**8d-07 

X 

3. C 5 00 -00 

1 . 1620-07 

X 

3 . 3000-00 

1 .0660-07 

X 

3.9000-08 

9. 763d-08 

X 

4.0000-00 

9.4470-08 

X 

.  .  .  .  1 

Figure  C-18. 
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!«*•«**. 12/01/34  ********  SPICE  2G.1  (15OCT80)  *»*****»05 : 49 : 30* 


0  CMOS/SOS  BITSLICE  SECTION  1  WITH  FOUR  NODES  PRECHARGED 

.?****  INPUT  LISTING  TEMPERATURE  =  27.000 


.WIDTH  OUT=80 

.OPTIONS  ITL 1=500  ITL5»0 

.MODEL  NMOS  NHOS  <VT0=1V  TOX=7GNM  UO=400  NSUB=2.5E16  LD=0.7UM) 

♦  LEVEL31 1 

.MODEL  PMOS  PMOS  <VT0=-1V  TOX=75NM  UO=200  NSUB»3E15  LO-0.7UM) 

♦  LEVEL  =  1 

VDD  1  0  DC  5V 

MX  1  3  2  0  NMOS  L-5.0U  W«15.0U 

M2  1  3  5  0  NMOS  L=5.0U  W-15.0U 

M3  1  3  6  0  NMOS  L*5.0U  W*15.0U 

M4  1  3  7  0  NMOS  L=5.0U  W-15.0U 

M5  2  8  1  1  PMOS  L-5.0U  W-30.0U 

M6  5  8  1  1  PMOS  L-5.0U  W-30.0U 

M7  6  8  X  1  PMOS  L “5 . 0U  W=30.0U 

M8  7  8  1  1  PMOS  L  =  5 . 0U  W-30.0U 

M9  1  9  7  1  PMOS  L-S.0U  W-10.0U 

M10  10  9  7  0  NMOS  L=*5.0U  W»30.0U 
Mil  12  11  10  0  NMOS  L=5.0U  W=30.0U 
Ml  2  1117  1  PMOS  L  =  5 . 0U  W-10.0U 
Ml  3  1  7  13  1  PMOS  L  =5 . 0U  W=10.0U 
M 1 4  0  14  12  0  NMOS  L=5.0U  W-30.0U 
Ml  5  1G  6  0  0  NMOS  L  =  5.0U  W=15.0U 
Ml  6  16  7  13  0  NMOS  L=5.0U  W=15.0U 
M 1 7  1  G  13  1  PMOS  L=5.0U  W=10.0U 

M 1 8  1  14  7  1  PMOS  L=>S.0U  W=10.0U 

Ml  9  114  6  1  PMOS  L  =  5.0U  W=10.0U 

M20  17  14  G  0  NMOS  L=5.0U  W=30.0U 
M2 1  19  13  17  0  NMOS  L  =  5.0U  W-30.0U 
M22  1  13  6  1  PMOS  L=5.0U  W»10.0U 
M23  0  20  19  0  NMOS  L=5.0U  W=30.0U 
M24  22  21  11  0  NMOS  L=5.0U  W=5.0U 
M25  1  20  6  1  PMOS  L=5.0U  W=10.0U 
M26  22  23  11  1  FMOS  L=S.0U  W=10.0U 
M27  0  11  20  0  NHOS  L=5.0U  W=15.0U 

M28  1  1  1  20  1  PMOS  L  =  5 . 0U  W=30.0U 

M29  1  20  5  1  PMOS  L=5.0U  W=10.0U 
M30  25  24  0  0  NMOS  L=5.0U  W-15.0U 

M3 1  25  20  5  0  NMOS  L  =  5.0U  W=15.0U 

M32  1  5  26  1  PMOS  L=5.0U  W=10.0U 

M33  1  24  5  1  PMOS  L=5.0U  W=10.0U 

M3 4  27  5  26  0  NHOS  L  =  5.0U  W=30.0U 

M35  0  23  14  0  NHOS  L-5.0U  W=15.0U 

M36  29  2  27  0  NHOS  L=5.0U  W-30.0U 

M37  1  23  14  1  PMOS  L=5.0U  W-30.0U 

M38  1  2  26  1  PMOS  L=5.0U  W=10.0U 

M39  1  30  2  1  PMOS  L=5.0U  W=10.0U 

M40  31  21  28  0  NMOS  L=5.0U  W-5.0U 
M41  0  23  29  0  NHOS  L=5.0U  W=30.0U 
M42  32  11  0  0  NMOS  L=5.0U  W= 1 5 . 0U 

M43  32  30  2  0  NHOS  L=5.0U  W=15.0U 

M44  11121  PMOS  L=5.0U  W-10.0U 
M45  31  23  23  1  FMOS  L=5.0U  W=10.0U 
M46  1  23  2G  1  PMOS  L=5.0U  W=10.0U 
C47  1  0  0. 1G02PF 


C78  23  0  0.207PF 
C'!9  21  a?  0.51PF 
COtf  3  0  3.  H74PF 
Co  1  11  3  0.297PF 
C52  20  0  0.134PF 
C53  2  0  0.274PF 
C54  29  0  0.36PF 
COS  14  0  0.202PF 
C56  5  0  0.283PF 
C57  20  0  0. 151PF 
C53  6  0  0.303PF 
C59  19  0  0.8SPF 
C60  7  0  0.272PF 
C61  130  0. 134PF 
C62  12  0  0.86 PF 
C63  3  0  0.50PF 

VA0  31  0  PULSE  <0V  5V  0NS  0 NS  0NS  10NS> 

VB0  22  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS > 

VPHI1  21  0  PULSE  ( 5  V  5V  0NS  0NS  0NS  10NS) 

VPH 1 1  BAR  23  0  PULSE  !0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 

VS1  24  0  PULSE  10V  0V  0NS  0NS  0NS  10NS) 

VS2  9  0  PULSE  ! SV  5V  0NS  0NS  0NS  10NS) 

VS3  18  0  PULSE  (SV  5V  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  10V  SV  4NS  0NS  0NS  2NS ) 

VP1BAR  8  0  PULSE  (SV  0V  4NS  0NS  0NS  2NS ) 

.T RAN  0 . 5NS  40NS 

.PLOT  TRAN  V( 1 3 )  V<26>  (0V,5V> 

.END 


IZ/N1/I4 .  SPICE  2C .  1  . . . 

CHOS/SOS  IITSL1CE  SECTION  I  WITH  fOU«  NOOES  PRECHARCED  MS 
TRANSIENT  ANAL  VS  IS  TEMPERATURE  •  27. M»  01 
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12/01/84  ***«<***«  SPICE  2G.1  (15OCT80)  **»****«05 : 54 s 47* 

CMOS /SOS  BITSL1CE  SECTION  1  WITH  FOUR.  NODES  PRECHARGED 


0 

3****  INPUT  LISTING  TEMPERATURE  »  27.000 

£»*.*••*«•*•*•*•»«*•***»*»***•••*«•••*. 


•WIDTH  OUT»80 

•OPTIONS  I TL 1 *500  ITL5-0 

•MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO=400  NSUB-2.5E16  LD-0.7UM) 

♦  LEVEL  *  1 

•MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦  LEVEL  *  1 

VDD  1  0  DC  5V 


Ml  1 
M2  1 
M3  1 
M4  1 
M5 
M6 
M7 
M8 


320  NMOS  L-5.0U  W-15.0U 
350  NMOS  L-5.0U  W-15.0U 
360  NMOS  L-5.0U  W-15.0U 
370  NMOS  L-5.0U  W-15.0U 


2811  PMOS  L-5.0U  W-30.0U 
5811  PMOS  L-5.0U  W-30.0U 
6811  PMOS  L-5.0U  W-30.0U 
7811  PMOS  L»5.0U  W-30.0U 
M9  1  9  7  1  PMOS  L-5.0U  W-10.0U 
M10  10  9  7  0  NMOS  L«S.0U  W-30.0U 
Mil  12  11  10  0  NMOS  L-5.0U  W-30.0U 
M12  11171  PMOS  L-5.0U  W-10.0U 
Ml  3  1  7  13  1  PMOS  L-S.0U  W-10.0U 
Ml  4  0  14  12  0  NMOS  L-5.0U  W-30.0U 
Ml  5  16  6  0  0  NMOS  L=5.0U  W=15.0U 
MIS  16  7  13  0  NMOS  L-5.0U  W=15.0U 
Ml  7  1  G  13  1  PMOS  L  =  5 . 0U  W-10.0U 

Ml  8  114  7  1  PMOS  L-5.0U  W-10.0U 

Ml  9  1  14  6  1  PMOS  L=>5.0U  W=10.0U 

M20  17  14  6  0  NMOS  L-5.0U  W=*30.0U 
M2 1  19  ID  17  0  NMOS  L=5.0U  W=30.0U 
M22  1  18  6  1  PMOS  L=*5.0U  W-10.0U 
M23  0  20  19  0  NMOS  L=5.0U  W-30.0U 
M24  22  2  f  11  0  NMOS  L-5.0U  W-5.0U 
M25  1  20  6  1  PMOS  L-5.0U  W-10.0U 
M26  22  23  11  1  FMOS  L-5.0U  W-10.0U 
M2 7  0  11  20  0  NMOS  L-5.0U  W=15.0U 

M23  1  1  1  20  1  PMOS  L  =  5 . 0U  W-30.0U 

M29  1  20  5  1  PMOS  L-5.0U  W-10.0U 
M30  25  24  0  0  NMOS  L-5.0U  W«15.0U 

M3 1  25  20  5  0  NMOS  L  =  5.0U  W-15.0U 

M32  1  5  26  1  PMOS  L=5.0U  W-10.0U 


M33 

1  24 

5 

1  1 

PMOS  L 

*5.0U  1 

W-10.0U 

M34 

27  5 

26 

0 

NMOS 

L  =  5 . 0U 

W=  30 . 0U 

M35 

0  23 

14 

0 

NMOS 

L=5 .0U 

W»15.0U 

M36 

29  2 

27 

0 

NMOS 

L  =  5 . 0U 

W=30 . 0U 

M37 

1  23 

14 

1 

PMOS 

L  =  5 . 0U 

W=30.0U 

M38  1  2  26  1  PMOS  L=5.0U  W-I0.0U 
M39  1  30  2  1  PMOS  L=5.0U  W*10.0U 
M40  31  21  20  0  HMOS  L-5.0U  W=5.0U 
M41  0  23  23  0  NMOS  L=5.0U  W=30.0U 
M42  32  1100  NMOS  L=5.0U  W=15.0U 
M43  32  30  ’  0  NMOS  L-5.0U  W= 1 5 . 9U 
M44  1  il  2  1  PMOS  L  =  5 . 0U  W=10.0U 
M45  31  23  28  1  FMOS  L=5.0U  W=10.0U 
M46  1  23  26  1  PMOS  L=5.0U  W-10..9U 
C47  100. 1602PF 


C4S  28  3  0. 207PF 
C-'9  21  0  0.51PF 
CC0  000. 1 174PF 
CM  1  1  0  0.297PF 
C52  26  3  0. 134PF 
C53  2  0  0.274PF 
C54  29  0  0.86PF 
C55  14  0  0.202PF 
C56  5  0  0.283PF 
C 5 7  20  0  0.151PF 
C58  6  0  0.303PF 
C59  19  0  0.86PF 
C60  7  0  0.271PF 
C61  1300. 134PF 
C62  12  0  0.86PF 
C63  3  0  0.50PF 

VA0  31  0  PULSE  ( 5V  0V  0NS  0NS  0NS  I0NS) 

VB0  22  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VPHI1  21  0  PULSE  ( 5V  5V  0NS  0NS  0NS  10NS) 

VPH 1 1  BAR  23  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS) 
VS0  30  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS1 

VS1  24  0  PULSE  <0V  0V  0NS  0NS  0NS  10NS) 

VS2  9  0  PULSE  ( EV  5V  0NS  0NS  0NS  10NS ) 

VS3  18  0  PULSE  (SV  5V  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  <0V  5 V  4NS  0NS  0NS  2NS) 

VP  1  BAR  8  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS) 

•TRAN  0.5NS  40NS 

.PLOT  TRAN  V< 1 3 )  V(26>  <0V,SV) 

•  END 
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12/01/84  . .  SPICE  2C.1  (15OCT80)  . 54 . 47-* • 

CHOS/SOS  B ITSL ICE  SECTION  1  WITH  FOUR  NODES  PRECHARGED  *3 


0 

**•••  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.999  DEC  C 

. . . . . 

0LECENO* 


*«  VI 13) 

♦  t  V( 26 ) 

X 

TIME  VU3) 


— — 

d*00 

1 . 230d«00 

2 . 50fd+00 

3 . 750d*00 

6.0904*09 

9.  4*99 

!.IJ5d-fi 

X 

5.9094-10 

9.03Sd-0B 

X 

1 .000d-»9 

f .035d-08 

X 

I . 5094-99 

f . 035d-0S 

X 

2.9994-99 

9 . 03Sd-f 8 

X 

2.5994-09 

9.9264-99 

•  • 

3 .9004-09 

9.9254-09 

•  ♦ 

3.5004-99 

9.0204-00 

•  ♦ 

4.0004-09 

9 . 04  4d-08 

•  ♦ 

4 . 5004-09 

9.0694-09 

•  ♦ 

5.9904-99 

9. 1494-90 

•  ♦ 

5.5904-09 

9.2664-99 

•  « 

6.9904-09 

9 . 437d-08 

•  ♦ 

6.5994-99 

9 . 634d-09 

♦ 

7.9094-99 

4.441 d~05 

♦  . 

7. 5094-09 

S . 6594-93 

♦ 

0.0904-99 

3.3424-02 

♦ 

0.5994-09 

1.0254-91 

• 

♦ 

9.9994-09 

2.9664-91 

• 

♦ 

9.590d-99 

3 . 9294-91 

• 

♦ 

I .0904-00 

6.5054-91 

♦ 

l .9504-90 

9.712d-0l 

• 

♦  . 

1 . 1 *0d-08 

1.4074*90 

* 

♦ 

1  .  150d-0Q 

1.9044*99 

• 

.  ♦ 

1  . 200d-09 

2.4214*99 

1 .2$0d-08 

2 . 947d*00 

♦  .  • 

I . 390d-08 

3 . 399d*00 

♦ 

• 

1 . 350d-08 

3. 781d*00 

♦ 

• 

1  .  «00d-08 

4 . 121d*00 

♦ 

• 

1 . 450d-08 

4 .350d*00 

.  ♦ 

• 

1 . 500d-08 

4.54 1 d+00 

♦ , 

• 

I .SO0J-0O 

4 . 6&0d*0V 

• 

• 

I .C00d-08 

4.770d»00 

♦ 

• 

1 .6594-00 

4. 94  Id* 00 

* 

• 

1  .  70Od-0O 

4.9644*99 

♦ 

1 . 75Od-08 

4.91 ld*00 

♦ 

•  # 

1 .8O0J-08 

4.927d*0f 

♦ 

« _ 

1 .850U-08 

4 . 9094*00 

♦ 

•  # 

1 . 9C0d-00 

4.0244*09 

♦ 

• 

1 .95fd-00 

4 .6614*09 

.  * 

• 

2.000d-08 

4.4594*00 

.  * 

• 

2 . 050d-08 

4 . 1 19d*O0 

.  * 

* 

2. 100d-08 

3.709d*00 

.  ♦ 

• 

2.  lS8d-08 

3.238d*00 

♦ 

• 

2 .  Z00d-08 

2 . 6P3d*00 

♦ 

• 

2.2504-99 

2. l£8d*00 

♦ 

• 

2.3994-90 

1 .S63d*0f 

♦ 

• 

2.350d-0O 

l . 133d*U0 

♦ 

2.480d-08 

7.3S2d-01 

♦  • 

2.458d-08 

4 . 837d-0I 

♦  • 

2.500d-08 

Z.965d-01 

2.550J-08 

1 .660d-0! 

♦  • 

2 . 600d-08 

1 . 039d- 0 I 

2.650d-08 

5 . 63Bd-02 

♦  • 

2 . 7004-00 

3 . 094d-02 

X 

2. 75OJ-08 

1 .848d-02 

X 

2  .  C00d -  00 

l  .  #55d~02 

X 

2.0694-00 

S . 3 1 5d-03 

X 

2.9*04-00 

3.2 704-03 

X 

2.9504-00 

1.71 ld-03 

X 

3.00 94-00 

9 . l#8d-04 

X 

3.0504-00 

5.270d-84 

X 

3.  100J-8O 

2 . 67  9d-04 

X 

3 . I 904-00 

I.S27d-04 

X 

3 . 20Od-0O 

8.34  4d-05 

X 

3.2*>0d-08 

4.1 l ld-05 

X 

3 . 300-J-08 

2 . 4  6  l  d  -  0  5 

X 

3 . 350 J -00 

l .300d-05 

X 

3.40OU-0O 

6 . 892d-06 

X 

3 . 4504-00 

3. 9?7d-06 

X 

3.5094-99 

2.057d-O6 

X 

3.558d-08 

1 .206d-06 

X 

3.60Od-08 

6 . 96 ld-07 

X 

3 .  650d~08 

3 . 868d-07 

X 

3. 700J-0O 

2.667d-07 

X 

3. 7504-ee 

1 .821d-07 

X 

3 . 3004-00 

l  .  3?2d-07 

X 

3 . 850J-OO 

1  .  If 4d-07 

X 

3 . 900d-0O 

1  . 045d-07 

X 

3 . 950d-0O 

9.838d-08 

X 

4 . 000d -08 

9.439d-08 

X 
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l******M2/0t/84  ««*«****  SPICE 
0  CMOS/SOS  BASIC  BITSLICE 

0««*.  INPUT  LISTING 

0. 


2G.I  (15OCT30) 

SECTION  2  TRANSIENT  ANALYSIS 

TEMPERATURE  •  27.000  DEG  C 


.WIDTH  OUT*80 

•OPTIONS  ITL 1*500  ITL5 -0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  1  PMOS  L-5.0U  W-10.0U 

M2  7  6  0  0  NMOS  L-5.0U  W-15.0U 

M3  7  3  2  0  NMOS  L-S.0U  W-15.0U 

M4  1  6  2  1  PMOS  L-5.0U  W-10.0U 

M5  1  2  8  1  PMOS  L-5.0U  W-10.0U 

M6  0  9  6  0  NMOS  L-5.0U  W-15.0U 

M7  11  10  0  0  NMOS  L-5.0U  W-15.0U 
M8  11  2  8  0  NMOS  L-5.0U  W-15.0U 
M9  1  9  6  1  PMOS  L-5.0U  W-30.0U 
M10  1  10  8  1  PMOS  L-5.0U  W-10.0U 
Mil  1  12  10  1  PMOS  L-5.0U  W-10.0U 
Ml  2  13  9  0  0  NMOS  L-5.0U  W-15.0U 

M 1 3  13  12  10  0  NMOS  L-S.0U  W-15.0U 

Ml  4  1  9  10  1  PMOS  L-S.0U  W-10.0U 

Ml 5  0  3  12  0  NMOS  L-5.0U  W-15.0U 

Ml  6  1  3  12  1  PMOS  L-5.0U  W-30.0U 

C 1 7  1  0  0.877PF 
C 1 8  9  0  0.279PF 
C 1 9  0  0  0.951PF 
C20  300. 183PF 
C2 1  1200. 100PF 
C22  10  0  0. 1 16PF 
C23  800. 134PF 
C24  200. 125PF 
C25  600. 101 PF 

VIN1  3  0  PULSE  ( 5V  5V  5NS  0NS  0NS  10NS ) 

VINE  9  0  PULSE  (0V  GV  GNS  0NS  0NS  10NS  ) 

.TRAN  0.SNS  40NS 
.PLOT  TRAN  V  (  G  )  (0V.5V) 

.END 
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Figure  C-23.  SPICE  Plot  Basic  Section  2  Input  010, 
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1*******12/01 /84 


SPICE  2G.1  (15OCT80) 


03:18:43 


0  CMOS/SOS  BASIC  BITSLICG  SECTION  2  TRANSIENT  ANALYSIS 

0«***  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 


0 


.WIDTH  OUT-80 

•OPTIONS  ITL 1 =500  ITL5»0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX=75NM  UO-400  NSUB=2.5E16  LD=0.7UM> 
♦LEVEL- 1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO=200  NSUB-3E15  LD-0.7UM) 
♦LEVEL-! 

VDD  1  0  DC  5V 

Ml  1  3  2  1  PMOS  L-5.0U  W-10.0U 

M2  7  6  0  0  NMOS  L-5.0U  W-15.0U 

M3  7  3  2  0  NMOS  L-5.0U  W-15.0U 

M4  1  6  2  1  PMOS  L-5.0U  W-10.0U 

M5  1  2  3  1  PMOS  L-5.0U  W-10.0U 

M6  0  9  G  0  NMOS  L-5.0U  W-15.0U 

M7  11  10  0  0  NMOS  L-5.0U  W-1S.0U 
M8  11  280  NMOS  L=5.0U  W-15.0U 
M9  1  9  G  1  PMOS  L=5.0U  W-30.0U 
M 1 0  1  10  8  1  PMOS  L=S.0U  W-10.0U 
Mil  1  12  10  1  PMOS  L  =  5 . 0U  W-10.0U 
M 1 2  13900  NMOS  L-5.0U  W-15.0U 
M 1 3  13  12  10  0  NMOS  L-5.0U  W-15.0U 

M 1 4  1  3  10  1  PMOS  L=5.0U  W-10.0U 

Ml  5  0  3  12  0  NilOS  L  =  5 . 0U  W-15.0U 

MIG  1  3  12  1  PMOS  L  =  5 . 0U  W-30.0U 

C 1 7  1  0  0.877PF 
C 1 8  9  0  0.279PF 
C 1 9  0  0  0.951PF 
C20  300. 183PF 
C21  1200. 1 00" F 
C22  10  0  0. 1 16PF 
C23  800. 134PF 
C24  200. 125PF 
C25  6  0  0.  1.01  PF 

V I N 1  3  0  PULSE  ( 5V  5V  5NS  0NS  0NS  10NS) 

VIN2  9  0  PULSE  ( 5V  0V  SNS  0NS  0NS  10NS) 

.TRAN  0.5 NS  40NS 
•  PLOT  TRAM  V { 0  >  (0V.5V) 

.END 


I •••••* *12/01/84  ••••••*•  SPICE  2C.1  (  t  5OCT80  >  ••■••••■03  il6«43***** 

0  CMOS/SOS  BASIC  BITSLICE  SECTIOM  2  TRANS IENT  ANALYSIS 

«••••  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  DEC  C 

«••«•*•*•••••*•••»••••••••••• . •••••' 


TIME 

V(  8 ) 

0. 

d*00 

1 . 250d*00 

2 . S00d*00 

3.750d*00 

9 . 000d*f 1 

0.  d*00 

9.035d-08 
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3.500d-09 

9.025d-08 
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4 . 9 4  3d ♦ 00 

*  4 
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4 . 96 l d  *00 
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4 . 973d*00 

* 
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3. 400d-08 
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3 . 4S0d-0O 
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3 . S00d-08 
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1  .  04  4d-07 
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Figure  C-24.  SPICE  Plot  Basic  Section  2  Input  101 


Figure  C-25.  Section  2  One  Node  Precharge  CLL  Plot 
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12/01/34  *»«*♦***  SPICE  2G.1  (15OCT80) 

0  CMOS/SOS  BITSLICE  SECTION  2  PRECHARGED  AT  ONE  NODE 

0«**»  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 

0**«**»***. **.•*»*****. «***•***«. ***«»*. A**.****.*.*.***.***.*. 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

•MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VOD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-S.0U  W-5.0U 

M2  2  5  1  1  PMOS  L-5.0U  W-10.0U 

M3  1  7  6  1  PMOS  L-5.0U  W-10.0U 

M4  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M5  10  7  6  0  NMOS  L-5.0U  W-15.0U 
M6  1  9  6  1  PMOS  L-5.0U  W-10.0U 

M7  1  6  2  1  PMOS  L-5.0U  W-10.0U 

M8  0  11  90  NMOS  L-5.0U  W-15.0U 
M9  13  12  0  0  NMOS  L-S.0U  W-15.0U 

M10  13  3  2  0  NMOS  L-5.0U  W-15.0U 

Mil  1  11  9  1  PMOS  L-S.0U  W-30.0U 

Ml  2  1  12  2  1  PMOS  L-S.0U  W-10.0U 

Ml  3  1  14  12  1  PMOS  L-5.0U  W-10.0U 
Ml  4  15  11  0  0  NMOS  L-5.0U  W-15.0U 
Ml  5  15  14  12  0  NMOS  L-5.0U  W-15.0U 
Ml  6  1  11  12  1  PMOS  L-5.0U  W-10.0U 
M 1 7  0  7  14  0  NMOS  L-5.0U  W-15.0U 
M 1 8  1  7  14  1  PMOS  L-5.0U  W-30.0U 
C 1 9  1  00. 1074PF 
C20  1 1  0  0.279PF 
C21  0  0  0.951PF 
C22  700. 183PF 
C23  1400. 100PF 
C 2 4  12  0  0. 1  16PF 
C25  2  0  0.234PF 
C26  600. 125PF 
C27  9  0  0. 101PF 
C28  500. 103PF 
C29  3  0  0. 1 03 P F 

VI N 1  II  0  PULSE  ( 5V  5V  5NS  0NS  0NS  20NS) 

VINE  7  0  PULSE  (0V  5V  5NS  0NS  DNS  10NS) 

VP1  3  0  PULSE  <0V  5V  4NS  0NS  0NS  ZNS) 

VP  1  BAP.  5  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS ) 

.TP. All  0.5IIS  40IIS 
.PLOT  TRAN  V  <  2  >  (0V.SV) 

.END 
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0  CMOS/SOS  8ITSLICE  SECTION  2  PRECHARGED  AT  ONE  NOOE  XI 

0****  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  DEG  C 

. . . 


TIME  VI 2  > 


0. 

d*00 

1 . 250d»00 

2 . 500d*00 
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5.000d»00 
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5 . 000d*00 

5 . 000d- 1 0 
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2 . 500d-09 
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* 
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• 
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6 . 500d-09 
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• 

7 .500d-09 

4.928d*00 

* 4 

8.000d-09 

4 . 733d*00 

• 

8.500d-09 

4 . 4S0d+00 

• 

9.0001-09 

4 . 062d*00 

• 

9 . 500d-09 

3 . 650d+00 

•  _ 

1 . 000d-08 

3 . 22  3d*  90 

• 

1 . 050d-08 

2 . 777d*00 

• 

1  .  1 00d-08 

2.343d*00 

•  . 

1  .  150J-0O 

1 .9l6d«80 

• 

1 .200d-08 

1 . 55 ld*»0 

• 

1  .  250d-08 

l  .2184*00 

• 

1 . 300d-08 

9.348d-81 

1  .  350d-08 

7 .  1  72d-0I 

1  .  400d-08 

5 . 2?6d-0l 

• 

1  .  458d-08 

3 . 958d-01 

1  .  500-J-O8 

2 . 9 1 4d-0 1 

1 . 5SOd-0Q 

2 . 0€-5d-01 

• 

1  .6ff0d-0B 

1 .506d-0l 

• 

1 .6501-08 

1 . »01d-01 

1 . 700d-0 8 

0 . 2?2d- 02 

_  • 

1  . 750d-0O 

7.963d-02 

>  • 

1  . C00d-08 

I . I54d-0I 

_  • 

1 . 850d -00 

2.241d-01 

• 

1 . 900d-08 

4  .  468d-0l 

1 . 950d-00 

7  .  I68d-Ul 

2 . 008d-0O 

l .076d*H0 

• 

2 . 058d-00 

1  .  46 ld*0B 

• 

2. 108J-08 

1 .84  3d*08 

• 

2. 1 50d-08 

2 . 262d+00 

• 

2 . 200d-08 

2 . 637d*00 

m 

2.250d-0B 

2 . 960d*00 

• 

2 . 300d-08 

3.282d*00 

• 

2 . 35Od-08 

3 . 5fc3d*00 

• 

2 . 480d-88 

3 . 800d*00 

_  • 

2. 450d-08 

4 .004d*00 

• 

2 . 500d-0B 

4.  1  €8d*00 

• 

2.550d-08 

4 .328d«00 

• 

2 . 600-1-08 

4 . 4 J2d  *00 

• 

2 . 650d-08 

4 . 5! 6d*00 

• 

2. 700d-08 

4 . 627d>00 

• 

2.750d-88 

4 . 709d*  00 

• 

2.800d-00 

4 . 763d»00 

* 

2.858.J-08 

4 . 809d  *00 

• 

2 . 90Od -08 

4.84  8d  ♦ 00 

• 

2.95OJ-08 

4 . 8/ 6d*08 

3.000 J-00 

4 . 900d ♦ 00 

• 

3 . 060d-0O 

4 . 92  0d*  00 

* 

3. 1 0Od-08 

4 . 935d»80 

3. ISO J-00 

4  .  949d*00 

3 . 200d-08  - 

4 . 9f'9d*00 

3 . 250-J-0O 

4 .967d*00 

3. 300J-OO 

4 .974d»U0 

3.350d-08 

4 . 978d*80 

3 . 40Od-0O 

4 , 9C  3d  *00 

3 . 4  r  od -00 

4 . 966d*80 

3 . 500J-0O 

4 . 969d ♦ 00 

3.550J-0O 

4 . 99 1 d  *00 

3 .  CO0J-0O 

4 . 99  3d  *00 

3.650U-08 

4.9®4d*8ff 

3. 708J-0O 

4 . 995d  *00 

* 

3 . 750d-08 

4 . 996d*y0 

• 

3.800J-08 

4 . 9® 7d*W0 

• 

3.C50J-0O 

4 . 998d*00 

3.9O«d-0O 

4 . 9®Od*08 

3.950.J-8O 

4 . 9®8d*00 

4 .800d-0B 

4.9®9d*00 

Figure  C-27.  SPICE  Plot  Section  2  Input  010  One 

Node  Precharge  with  Basic  Gate  Widths 
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SPICE  2G.1  ( 1 5OCT80 > 


04s 50s 00 


0  CMOS/SOS  BITSLICE  SECTION  2  PRECHARGED  AT  ONE  NODE 

0****  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 


0 


.WIDTH  OUT *80 

.OPTIONS  I TL 1=500  ITL5-0 

.MODEL  NMOS  NMOS  (VT0=1V  TOX=*75NM  UO»400  NSUB=2.5E1S  LD-0.7UM) 

♦  LEVEL®  l 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO=*200  NSUB-3E15  LD=0.7UM> 

♦  LEVEL  =■  1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-5.0U 

M2  2  5  1  1  PMOS  L-5.0U  W-10.0U 

M3  1  7  6  1  PMOS  L-5.0U  W-10.0U 

M4  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M5  10  7  6  0  NMOS  L-5.0U  W«15.0U 
M6  1  9  6  1  PMOS  L  =  5 . 0U  W-10.0U 

M7  1  6  2  1  PMOS  L-5.0U  W-10.0U 

M8  0  11  90  NMOS  L*5.0U  W-15.0U 
M9  13  i 2  0  0  NMOS  L=5.0U  WM5.0U 
M 10  13  6  2  0  NMOS  L=5.0U  W-1S.0U 

Mil  1  11  9  1  PMOS  L»5.0U  W»30.0U 

Ml  2  112  2  1  PMOS  L  =  5 . 0U  W=10.0U 

M 1 3  1  14  12  1  PMOS  L=5.0U  W-10.0U 
M 1 4  15  11  0  0  NMOS  L  =5 . 0U  W=15.0U 
Ml  5  15  14  12  0  MMOS  L  =  5.0U  W-15.0U 
Ml  6  1  11  12  1  PMOS  L  =  5 . 0U  W=10.0U 
M 1 7  0  7  14  0  NMOS  L=5.0U  W=15.0U 

M 1 8  1  7  14  1  PMOS  L  =  5 . 0 U  W*30.0U 

C 1 9  1  0  0. 107  4  P  F 
C20  1 1  0  0. 279PF 
C21  0  0  0.951PF 
C22  7  0  0. 183PF 
C23  14  00. 100PF 
C24  12  0  0. 1 1GPF 
C25  2  0  0.234PF 
C26  600. 125PF 
C27  900. 101PF 
C28  500. 103PF 
C29  300. 103PF 

VI N 1  11  0  PULSE  ( 5V  5V  5NS  0NS  0NS  10NS) 

V I  M2  7  0  P'JLSE  ( 5 V  0V  5NS  0HS  0NS  I0NS) 

VP1  3  0  PULSE  U'V  5 V  4 US  0N3  0NS  2NS ) 
vriE/,r,  5  0  PULSE  !  5V  0V  4NS  0NS  0NS  2NS ) 

.  TP.Af!  0.5HS  40NS 
.PLOT  TRAM  V i 2 )  (0V.5V) 

.END 
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Figure  C 
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SPICE 

Plot  Section 

2  Input 

101  One 

Node 

Precharge  with 

Basic 

Widths 

l»*»*»«*j2/0i/84  *»**»**•  SPICE  2G.1  < 15OCT80)  «*«***««jB4 : 55 ! 1 

0  CMOS/SOS  B1TSLICE  SECTION  2  PRECHARGED  AT  ONE  NODE 

0****  INPUT  LISTING  TEMPERATURE  *  27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX«’5NM  UO-400  NSUB-2 . 5E I S  LD-0.7UM) 
♦  LEVEL-  1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-S.0U  W-10.0U 

M2  2  5  1  1  PMOS  L-5.0U  W-20.0U 

M3  1  7  6  1  PMOS  L-5.0U  W-10.0U 

M4  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M5  10  7  6  0  NMOS  L-5.0U  W-15.0U 
M6  1  9  6  1  PMOS  L-5.0U  W-10.0U 

M7  1  6  2  1  PMOS  L-5.0U  W-10.0U 

M8  0  11  90  NMOS  L-5.0U  W-15.0U 
M9  13  12  0  0  NMOS  L-5.0U  W-1S.0U 

M10  13  6  2  0  NMOS  L-5.0U  W-15.0U 

Mil  1  11  9  1  PMOS  L=5.0U  W-30.0U 

Ml  2  1  12  2  1  PMOS  L  =  5 . 0U  W-10.0U 

Ml  3  1  14  12  1  PMOS  L-5.0U  W-10.0U 
M 1 4  15  11  0  0  NMOS  L-5.0U  W-1S.0U 
Ml  5  15  14  12  0  NMOS  L-5.0U  W-15.0U 
MIG  1  11  12  1  PMOS  L=5.0U  W-10.0U 
Ml  7  0  7  14  0  NMOS  L-5.0U  W-15.0U 
M 1 8  1  7  14  1  PMOS  L-5.0U  W-30.0U 
C 1 9  1  0  0. 107  4  P  F 
C20  1 1  0  0. 279PF 
C21  0  0  0.951PF 
C22  700. 133PF 
C23  14  0  0. 100PF 
C 2 4  12  0  0. 1  16PF 
C25  2  0  0.234PF 
C26  6  0  0. 1 25PF 
C27  900. 101PF 
C23  5J0. 103PF 
C29  3  0  0. 103PF 

Villi  11  0  PULSE  ( 5V  5V  5NS  0N3  0NS  10NS  ) 

VI  M2  7  0  PULSE  <0V  5V  5NS  0US  0'JS  10NS) 

VP1  3  0  PULSE  !0V  5 V  4NS  DNS  0MS  2NS 
VP  1  BAP.  5  0  PULSE  '  5V  0V  4NS  0NS  0NS  SNS ) 

.TRAN  0.5N3  43NS 
•PLOT  TRAM  V( 2 )  (0V.5V) 

.  END 
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1  2/It  /84  ••••*••■  SPICE  26.1  (1S0CT8I)  14  ,«*  II 

CMOS/SOS  8 1 TSL  ICE  SECTION  2  PRECHARGED  AT  ONE  NODE  **• 
TRANSIENT  ANALYSIS  TEMPERATURE  -  27. Hi 


TEMPERATURE  -  27.1*1  DEG  C 


3.75Id*0I  5 .*!!*♦** 
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Figure  C-29.  SPICE  Plot  Section  2  Input  010  One 
Node  Precharge  with  Widths  x2 
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l*******12/.<Jl/34  «**««»»«  SPICE  2G.1  (I5OCT80)  »*******flT4  :  55  :  28****» 

0  CMOS/SOS  BITSLICE  SECTION  2  PRECHARGED  AT  ONE  NODE 

0**»*  INPUT  LISTING  Tt/IPERATURE  *  27.000  DEG  C 


.WIDTH  OUT«80 

.OPTIONS  ITL  J  =500  ITL5-0 

.MODEL  NMOS  NMOS  (VT0=1V  TOX-75NM  UO=400  NSUB-2.5E1S  LD=0.7UM> 
♦  LEVEL  =  1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB*3E15  LD-0.7UM) 

♦LEVEL* 1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W-10.0U 

M2  2  5  1  1  PMOS  L=5.0U  W=20.0U 

M3  1  7  6  1  PMOS  L=5.0U  W-10.0U 

M4  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M5  10  7  6  0  NMOS  L-5.0U  W-15.0U 
MG  1  9  6  1  PMOS  L-5.0U  W=10.0U 

M7  1  6  2  1  PMOS  L-5.0U  W-10.0U 

M8  0  1 1  90  NMOS  L-5.0U  W=15.0U 
M9  13  1200  NMOS  L=5.0U  W=15.0U 
M 10  13  6  2  0  NMOS  L=5.0U  W=15.0U 
Mil  1119  1  PMOS  L  =  5 . 0U  W=30.0U 
M 1 2  1  12  2  1  PMOS  L  =  5 . 0U  W=10.0U 
M13  1  14  12  1  PMOS  L»5.0U  W=10.0U 
M 1 4  15  11  0  0  NMOS  L  =  5 . 0U  W=15.0U 
Ml  5  15  14  12  0  MMOS  L  =  5.0U  W=15.0U 
M 1 6  1  11  12  1  PMOS  L  =  5 . 0U  W=10.0U 
M 1 7  0  7  14  0  NMOS  L=5.0U  W-15.0U 
M 1 8  1  7  14  1  PMOS  L=5.0U  W=30.0U 
C  1  9  1  0  0. 1074PF 
C20  1 1  0  0. 279PF 
C21  0  0  0.951PF 
C22  700. 183PF 
C23  1400. 100PF 
C24  12  0  0. 1 1GPF 
C25  2  0  0.234PF 
C2G  600. 125PP 
C27  9  3  0. 101PF 
C28  500. 103PF 
C29  300. 1U3PF 

VI N 1  11  0  PULSE  ( 5V  5V  5NS  0N3  0NS  10NS) 

VIN2  7  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS ) 

VP1  3  0  PULSE  10V  5 V  4NS  0N3  0NS  2NS ) 

VP12AF.  5  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0 . 5113  40NS 
.PLOT  TRAN  V ( 2 )  (0V.5V) 

.END 
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Figure  C 
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12/01/34  *»*•»**** 
CM0S/30S  BITSLICE 
INPUT  L ISTING 


SPICE  2G.1  (15OCT80)  «******»04 : 55 : 40»»*** 

SECTION  2  PRECHARGED  AT  ONE  NODE 

TEMPERATURE  =  27.000  DEG  C 


•WIDTH  OUT-30 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

.MODEL  PMOS  PMOS  1VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1320  NMOS  L-5.0U  W-15.0U 
M2  2  5  1  1  PMOS  L-5.0U  W-30.0U 

M3  1  7  6  1  PMOS  L-5.0U  W-10.0U 

M4  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M5  10  7  6  0  NMOS  L-5.0U  W-15.0U 
MG  1  9  6  1  PMOS  L-5.0U  W-10.0U 

M7  1  G  2  1  PMOS  L-5.0U  W-10.0U 

MB  0  11  9  0  NMOS  L-5.0U  W-15.0U 
M9  13  12  0  0  NMOS  L-5.0U  W-15.0U 

M10  13  6  2  0  NMOS  L-5.0U  W-15.0U 

Mil  1  il  9  1  PMOS  L-5.0U  W-30.0U 

M 1 2  1  12  2  1  PMOS  L-5.0U  W-10.0U 

M 1 3  1  14  12  1  PMOS  L-5.0U  W-10.0U 
M 1 4  15  11  0  0  NMOS  L-5.0U  W-15.0U 
M15  15  14  12  0  NMOS  L-5.0U  W-15.0U 
Ml  6  1  11  12  1  PMOS  L-5.0U  W-10.0U 
M 1 7  0  7  14  0  NMOS  L-5.0U  W-15.0U 
M 1 8  1  7  14  1  PMOS  L-5.0U  W-30.0U 
C 1 9  1  0  0. 1074PF 
C20  11  0  0.279PF 
C21  0  0  0.951PF 
C22  700. 133PF 
C23  1400. 100PF 
C24  1200. 1 16PF 
C25  2  0  0.234PF 
C26  600. 125PF 
C27  9  0  0. 101PF 
C28  500.1 03PF 
C29  3  0  0. 103PF 

VIN1  ! 1  0  PULSE  { 5V  5V  5NS  0NS  0NS  10NS) 

V I  M2  7  0  PULSE  (0V  5V  5NS  0HS  0NS  10NS > 

VP1  3  0  PULSE  C0V  5V  4NS  0NS  0NS  2NS ) 

VP  1  BAR  5  0  PULSE  < 5V  0V  4NS  0NS  0NS  2NS> 

.TP.AN  0.5N3  40NS 
•  PLOT  TRAM  V<  2  >  (0V.5V) 

.  END 


C-6  6 


V 


12/01/84  *•***••*  SPICE  2G.I  (15OCTB0)  4 i 55 » 4»' 

CMOS/SOS  BITSUCE  SECTION  2  PRECHARGEO  AT  ONE  NODE  *J 


TRANSIENT  ANALYSIS 


TEMPERATURE  •  27.000  DEG  C 


X 

a.  d*aa 

1 . 2504*00 

2.5004*00 

3.7504*00  5 

.0004*00 

0.  4*00 

5 . 0004 >00  . 

5.0004-10 

5 . 0004*00  . 

1 . 0004 - 09 

5 . 000d*00  . 

1.5081-09 

5 . 0004*00  . 

2.0001-09 

5. 0004 *00  . 

2 . 500-1  -09 

5.0004*00  . 

3 . 008d-09 

5.0004*00  . 

3.5004-09 

5 . 000 d*00  . 

4.0004-09 

5.0004*00  . 

4.5004-09 

5 . 000d*00  . 

5.0004-09 

5.0004*00  . 

5.5004-09 

5 ■ 00>d*00  . 

C. 0084-09 

5.0004*00  . 

6.5004-09 

5 . 000d*00  . 

7.0004-09 

4.997 4*00  . 

7  .  S00J-09 

4.928 4*00  . 

• 

8.0004-09 

4 . 7334*00  . 

• 

0.5004-09 

4 . 430d*00  . 

• 

9.0004-09 

4.0624*00  . 

• 

9.5004-09 

3.6504*00  . 

•  # 

1 .0004-00 

3.2234*00  . 

• 

1 .0504-00 

2 . 777d*00  . 

• 

1  .  1 00d-0Q 

2.3434*00  . 

• 

1  .  1504-08 

1.9164*00  . 

m 

1 .2004-08 

1 . 55  td*0f  . 

• 

1 .2504-00 

1.2184*00  . 

• 

1  .  3004-00 

9.3484-01  . 

• 

1.3504-08 

7.1724-01  . 

1 .4*04-08 

5.2964-01  .  • 

I  .  4504-08 

3.9584-01  .  • 

1 .5004-08 

2.9144-01  .  • 

1 .5504-08 

2.0654-01  .  • 

1 . 5004-08 

1.50G4-01  .  * 

1 .6504-00 

1  . 1014-01  .• 

l .  7B9d-aa 

0.2924-02  . • 

1  . 7504-00 

7.9534-02  .* 

1  .E004-OO 

1.1544-01  .• 

1.0504-00 

2.2414-01  .  • 

1 .9004-00 

4.4684-01  .  • 

1 .9S04-08 

7.1604-01  . 

2.0004-00 

1.0764*00  . 

2.0504-00 

1.4614*00  . 

• 

2. 1004-00 

1.8634*00  . 

• 

2. 1504-08 

2.2524*00  . 

• 

2.2004-00 

2.6274*00  . 

• 

2.2584-00 

2.9604*00  . 

• 

2.3084-08 

3.2624*00  . 

• 

2.3504-08 

3.5634*00  . 

• 

2. 4004-08 

3.9004*00  . 

#  • 

2.4504-00 

4.0044*00  . 

• 

2.5004-08 

4.1684*00  . 

• 

2.5504-08 

4.3284*00  . 

• 

2.6004-08 

4.4524*00  . 

• 

2.6504-08 

4.5564*00  . 

• 

2.7004-08 

4.6274*00  - 

• 

2.7504-08 

4.709 4*00  . 

• 

2  .  CO04-08 

4.763 4*00  . 

2.8504-00 

4 . 8P9d ♦ 00  . 

• 

2 . 3004-08 

4.84Bd*00  . 

# 

2.9504-08 

4.8764*00  . 

3.000.1-00 

4 . 900d*O0  . 

3.0504-00 

4.9 204*00  . 

3. 1004-00 

4.9254*00  . 

3.  1  50.J-  (JO 

4.9494*00  . 

3. 2004-00 

4 . 9594*00  . 

3.2504-00 

4.967 4*00  . 

3.  .'00  J-OO 

4 . 9  7  4d ♦ 00  . 

3.3504-08 

4.97 84*00  . 

3. 100 4-00 

1  9634*00  . 

3.  1504-00 

4 . 9664*00  . 

3.5004-08 

4 . 969d*00  . 

3 .5504-00 

4 . 99 1 d*00  . 

3  .  C.O0.J  -  00 

4.9934*00  . 

3.6504-08 

4.9944*00  . 

3. 7O0.J-0U 

4.9954*00  . 

3.7504-OO 

4.9964*00  . 

3.0004-00 

4.997 4*00  . 

3 . 0504-00 

4 . 998d*00  . 

3.3O04-O8 

4 . 99Dd*O0  . 

3.9504-00 

4  .  990d* 00  . 

4.0004-08 

4.999 4*00  . 

-  -  -  - 

Figure  C- 

31.  SPICE 

Plot 

Section 

2  Input 

010  One 

Node 

Precharge  with 

Widths 

x3 . 

06  7 

«-  *-*  . *'•  vf.-'V'*.'’.'.'.  ■*.  ■*-  »*-*«*- 

l****^^*12/01/34  ********  SPICE  2G.1  (15OCT30) 


04:56:00 


0  CMOS/SOS  BITSLICE  SECTION  2  PRECHARGED  AT  ONE  NODE 

0***"  INPUT  LISTING  TEMPERATURE  =  27.000 


0*’ 


■WIDTH  OUT=80 

•OPTIONS  I TL 1  =  500  ITL5=0 

.MODEL  NMOS  MHOS:  (VT0=1V  TOX=75NM  UO=400  NSUB=2.5E16  LD=0.7UM> 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB*3E15  LD*0.7UM) 

♦LEVEL* 1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W= 1 5 . 0U 

M2  2  5  1  1  PMOS  L=5.0U  W=30.0U 

M3  I  7  6  1  PMOS  L *5 . 0U  W-10.0U 

M4  10  9  0  0  NMOS  L  =  5 . 0U  W*15.0U 
M5  10  7  6  0  NMOS.  L  =  5.0U  W=15.0U 
M6  1  9  6  1  PMOS  L  =  5 . 0U  W=10.0U 

M7  1  6  2  1  PMOS  L * 5 . 0U  W=10.0U 

M8  0  11  90  NMOS  L=5.0U  W=15.0U 
M9  13  12  0  0  NMOS  L=5.0U  W*15.0U 
M 10  13  6  2  0  NMOS  L=5.0U  W=15.0U 
Mil  1  11  9  1  PMOS  L=S.0U  W=30.0U 
Ml  2  1  12  2  1  PMOS  L*5.0U  W=10.0U 
M 1 3  1  14  12  1  PMOS  L  =  5 . 0U  W=10.0U 
Ml  4  15  11  0  0  NMOS  L  =5 . 0U  W=15.0U 
M 1 5  15  14  12  0  NMOS  L=5.0U  W=15.0U 
Ml  6  1  11  12  1  PMOS  L  =  5 . 0U  W=10.0U 
M 1 7  0  7  14  0  NMOS  L  =  5 . 0U  W=15.0U 
M 1 3  1  7  14  1  PMOS  L=5.0U  W=30.0U 
C 1 9  1  00. 1074PF 
C20  11  0  0.279PF 
C21  0  0  0.951PF 
C22  700. 183PF 
C23  1400. 100PF 
C 2 4  12  0  0. 1  16PF 
C25  2  0  0.234PF 
C26  6  00. 125PF 
C27  900. 101PF 
C23  5  0  0. 103PF 
C29  300.1 J3PF 

VIHl  11  0  PULSE  ( 5V  5V  5NS  0NS  0NS  10NS> 

V I  M2  7  0  PULSE  ( 5 V  0V  5NS  0NS  0NS  10NS ) 

VP1  3  0  PULSE  ;0V  GV  4NS  0NS  0NS  2NS ) 

VP  1  EAR  5  0  PULSE  (5V  0V  4NS  0NS  0NS  2NS) 

.TRAM  0.5NS  40 ME 
. T  L  QT  TRAN  V ( 2 )  (0V.5V) 

•  EMC 


X 

0. 

d«00 

l  .250d*00 

2 . 500d*00 

3 . 750d*00  5 

000d*00 

0.  d*00 

1 .355d-07 

5 . 000d- 1 0 

l  .35Sd-07 

1 .080d-09 

1 . 355d-07 

1 . 500d-09 

l.355d-07 

Z.000d-0? 

1 . 355d-07 

Z.500d-09 

1 . 355d-07 

3.000d-29 

i  .355d-07 

3.500d-09 

1 .355d-07 

4.00fd-09 

1  . 355d-07 

4 . 50OJ-09 

5 . 572d-0l 

• 

5  - 000d-09 

1.81  ld*00 

• 

S . 5O0d-09 

2 . 5fe8d*0* 

• 

6 . 000d-09 

3.11 7d*00 

6.500d-09 

3.548d*00 

•  . 

7 . 000d -09 

3.  4f6d*00 

7.500d-09 

3 . 29 4d*00 

0.0O0d-09 

3.328d*0» 

0 . 500 d -09 

3 . 49Bd *O0 

• 

9 . 000d~  09 

3 . 697d*08 

•  a 

9 . 500d-09 

3 . 869d*00 

1 .000d-08 

4 . 07  5d ♦ 00 

■ 

1  -050d-0O 

4 . 225d*00 

• 

1  .  l(70d-08 

4 . 37Zd*O0 

• 

i .  i:0d-08 

4 . 4CGd*O0 

1 .znod-eo 

4 . 578d*00 

• 

1 . 2O8d-08 

4 . 6i0d*00 

# 

1  .  300.J-00 

4 . 723d*O0 

• 

1 .3O0d-0O 

4 . 7 76d* 00 

* 

1 . 400d-08 

4 . 82  2d  +  00 

• 

1 . 4O0d-0O 

4 .854d*00 

• 

1 .500.J-0O 

4 . 8  £  3  d  ♦  0  0 

•  _ 

1 . 5O0d-08 

4 . 907d*00 

*  > 

1 . G0OJ-0O 

4 . 92  5d*  00 

•  _ 

1 .GO0U-0O 

4.94  0d  *00 

*  _ 

1 .700d-00 

4.9!0d*00 

*  _ 

1.7001-80 

4.953d*08 

*  # 

1  .e00<1-08 

4.8fc9d*00 

•  4 

1 . CO0d-08 

4 . 6 9  4d ♦ 00 

• 

1 . 90Od -00 

4 . 39  td*00 

• 

l  .900.1-00 

4 . 02  7d*00 

• 

Z.000d-08 

3 . 6 1 6d*00 

• 

2.050d-0O 

3. lO8d*00 

2.100-1-00 

2 . 74  3d*00 

2 . 1 50d-08 

2.31 ld*00 

2 . 200d-08 

1 . 8F0d  *00 

2 . 250-J-08 

1  .  575d*00 

• 

2 . 300J-08 

1  . 1 96d*O0 

•  ^ 

2. 35Od-0O 

9.  lGld-01 

• 

2.400.J-08 

7 . 02  7  d  -  0 1 

• 

2.450d-»8 

5.  1  8  7d-0 1 

• 

2.500d-08 

3 . 8t9d-01 

• 

2 . 550d-08 

Z  .  84  9d-8 1 

• 

2 . 608d-08 

2 . 020d-0 1 

• 

2.65Od-08 

1 . 5F7d-0 1 

• 

Z  .  700.1-08 

l .079d-01 

_  • 

2 . 750d-08 

7 . 7F6d-02 

t  * 

2 . 600J-0O 

5 . 6  40d-02 

_  • 

2.C50J-08 

3 . 9(-6d-02 

2.9001-00 

2  -  0f:0d-O2 

2.908.1-00 

2.07 ld-02 

3 .000.1-00 

1  .  42 7d-0Z 

3.050-1-0  0 

1 . 0G3d-02 

3.  10IM-0O 

7 . 523d -03 

3  .  100.1-00 

5 . 3  4 1 d -  03 

3.200J-08 

3 . Q9Zd-03 

3 . 25Od-0O 

2. 725d-03 

3 . 300  1-08 

1  .  975d-03 

3. 350.1-00 

1  .41 7d-03 

3 . 100-1-00 

9.821d-04 

3.1501-00 

7 . 259d- 0  4 

3. O0OJ-0O 

5  .  I 4  Id-04 

3.050.1-00 

3  .  G4  3d-04 

3.600J-0O 

2 . 655d-04 

3 . 550d -08 

1  .  859d-04 

3. 700. j-08 

1  .  347d-04 

3 . 7S0J-08 

9  .  G7 ld-05 

3.C00d-00 

6 . 7F5d-05 

3.C50.1-88 

4 . 959d-05 

3 . 9  OOd-0O 

3 . 5 1 5d-05 

3 .908.1-08 

2 . 495d-05 

4 . 000d -00 

1  .  7G6d-05 

- - 

Figure  C 

-32. 

SPICE 

Plot 

Section 

2  Input 

101  One 

Node 
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Widths 

x3 . 

1*«*****12/01/84  ********  SPICE  2G.1  U5OCT80)  ********04  1 2 1  •.  59*»*** 

0  CMOS/SOS  PRECHARGED  BITSLICE  SECTION  2  TRANSIENT  ANALYSIS 

0****  INPUT  LISTING  TEMPERATURE  -  27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  ITL 1=500  ITL5-0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX=75NM  UO-400  NSUB-2.5E16  LD-0.7UM1 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO=200  NSUB-3E15  LD=0.7UM> 

♦  LEVEL  *  1 
VDD  1  0  DC  5V 

MI  1  3  2  0  NMOS  L=5.0U  W-5.0U 
M2  1  3  S  0  NMOS  L-5.0U  W-5.0U 
M3  2  6  1  1  PMOS  L *5 . 0U  W*10.0U 
M4  5  6  1  1  PMOS  L=S.0U  W=10.0U 
M5  1  7  5  1  PMOS  L-S.0U  W-10.0U 
M6  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M7  10  7  5  0  NMOS  L-5.0U  W-15.0U 
M8  1  9  5  1  PMOS  L=S.0U  W-10.0U 
M9  1  S  11  1  PMOS  L-5.0U  W-10.0U 
M 10  0  12  9  0  NMOS  L  =  5 . 0U  W-1S.0U 
Mil  13  2  0  0  NMOS  L  =  5 . 0U  W-15.0U 
M 1 2  13  5  11  0  NMOS  L=5.0U  W-15.0U 
M 1 3  1  12  9  1  PMOS  L  =  5 . 0U  W-30.0U 
Ml  4  12  111  PMOS  L-S.0U  U-10.0U 
Ml  5  1  14  2  1  PMOS  L  =  5 . 0U  W-I0.0U 
M 1 6  15  12  0  0  NMOS  L=5.0U  W-15.0U 
Ml  7  15  14  2  0  NMOS  L-5.0U  W-15.0U 
M 1 8  1  12  2  1  PMOS  L  =  5 . 0U  W-10.0U 

Ml  9  0  7  14  0  NMOS  L-5.0U  W-15.0U 

M20  1  7  14  1  PMOS  L=5.0U  W-30.0U 

C21  100. 1 135PF 
C22  12  0  0.279PF 
C23  0  0  0.951PF 
C24  700. 183PF 
C25  1400. 100PF 
C2G  2  0  0.288PF 
C27  1100. 134PF 
C28  5  0  0.2G0PF 
C29  9  0  0. 101PF 
C30  600. 103PF 
C31  3  0  0. 103PF 

V I N 1  12  0  PULSE  f  5 V  5V  5NS  0NS  0NS  10NS ) 

V I  M2  7  0  PULSE  <0V  5V  5HS  0MS  0NS  10NS) 

VP1  3  0  PULSE  ;0V  5V  4NS  0NS  0NS  2NS> 

VP  1  BAR  6  0  PULSE  ! 5V  0V  4NS  0NS  0NS  2NS  > 

.TP.AN  0.5HS  40NS 

.PLOT  TRAN  V < 1  I  )  <0V, 5V ) 

■  END 


C-7  2 


0 


CMOS/SOS  PRECHARCED  BITSUCE  SECTION  2  TRANSIENT  ANALYSIS  * I 


•••••  TRANSIENT  ANALYSIS 


TEMPERATURE  •  27. §99  OEG  C 


TIME 

vc  m 

9. 

9*99  1 

.2504*0 9 

2.5004*00 

3.7504*00 

S .9999*99 

0.  9*99 

% .9999*99 

• 

5.000 4-10 

5 . 9999*99 

• 

1 .0004-09 

5. 0004 ♦ 00 

• 

1.5004-09 

5 . 0004*00 

• 

Z. 0004-09 

5.0004*80 

• 

Z. 5004-09 

5.0004*00 

• 

3.0004-09 

5 . 0004*00 

• 

3.5004-09 

5.0004*00 

4.0004-09 

5.0004*00 

4.5004-09 

5.0004*00 

5.0004-09 

5.0004*00 

5.5004-09 

5.0004*00 

6.0004-09 

4.9944*00 

• 

6.5004-09 

4.9344*00 

• . 

7.0004-09 

4.7674*00 

• 

7.5004-09 

4.5004*00 

• 

0.000d-09 

4.1474*00 

• 

0 . 500d-09 

3.7014*00 

• 

9.0004-09 

3.1984*00 

* 

9.5004-09 

2.6234*00 

.  • 

1.0004-00 

2.0574*00 

• 

1 .0504-08 

1.5074*00 

m 

1  .  1004-08 

1 .0674*00 

• 

1 .1504-00 

6.877d-0l 

• 

1 .2004-08 

4.4274-01 

• 

1.2504-08 

2.7004-01 

• 

1 .3004-08 

1 .477d-0! 

• 

1  . 350d-00 

9 . 26  3d-02 

.  • 

1  . 400d-08 

5 .0464-02 

m  • 

1 .4504-08 

2.7384-82 

1.5004-00 

1 .6064-02 

1.5504-08 

8.4764-03 

1 .6004-08 

4.8654-03 

1 .6504-08 

2 . 806d-03 

I . 7004-08 

1.6654-03 

1.7504-00 

1.6044-03 

1 .0004-00 

2.1884-03 

1 .8504-08 

1.5424-02 

1 . 9004-08 

4.4774-02 

.  • 

1  .9504-00 

9.2274-02 

#  * 

Z. 0004-08 

1.9094-01 

• 

2.0504-08 

3.244d-01 

• 

2. 1004-08 

5.3174-01 

• 

2. 1504-08 

8 . 290d-0 1 

• 

2.2004-88 

1 .1794*00 

2.2504-00 

1 .637d*00 

• 

2.3004-08 

2.1214*00 

• 

2 . 350d -08 

2.642d*O0 

• 

2. 4004-00 

3. 1314*00 

2.4504-08 

3.5644*00 

• 

2 . 500d-08 

3.91 79*99 

• 

2 . 550d-08 

4.223 4*00 

• 

2 . 600d-08 

4.4314*00 

• 

2.6584-08 

4 . 605d*00 

• 

2.7004-08 

4.724 4*00 

• 

2.7504-08 

4 . 8074*00 

• 

2.8004-08 

4 . 872d*00 

•  t 

2 . C504-08 

4.91 04*00 

• . 

2.9004-00 

4 . 9394*00 

* . 

2.9504-08 

4 . 9604*00 

3 . 000d-08 

4.9724*00 

3.050d-08 

4.9614*00 

3. 1004-80 

4 . 967d*00 

3.1504-08 

4.9914*00 

3.2004-00 

4 . 99  4d*00 

• 

3.2504-00 

4.9964*80 

* 

3 . 300d -00 

4.9974*00 

• 

3.3584-00 

4.9984*00 

3.1004-00 

4.9994*00 

3.4504-88 

4.999 4*00 

3 . 5004-00 

4.9994*00 

3.5584-00 

5.O00d*00 

3. 0004 -08 

5.0004*80 

3.65O4-08 

5 . 000d  *00 

3.7004-00 

5.0004*00 

3.7504-00 

5 . 000d  *00 

• 

3. 8084-00 

5.0004*00 

• 

3 . C504-00 

5.0004*00 

• 

3.9084-08 

5 . 000d*O0 

* 

3.9504-08 

5.0004*00 

* 

4.0004-08 

5.0004*00 

Figure  C-35.  SPICE  Plot  Section  2  Input  010  Two 
Node  Precharge  Using  Basic  Widths 


1 


12/01/84 


SPICE  2G.1  (15OCT80) 


04:22:09 


0  CMOS/SOS  PRECHARGED  BITSLICE  SECTION  2  TRANSIENT  ANALYSIS 

0****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0*»»***«****!**n* ****«***********************************x**************> 


.WIDTH  OUT-30 

.OPTIONS  ITL 1-500  I TL 5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E1G  LD-0.7UM) 
♦LEVEL- 1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E 1 5  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1320  NMOS  L-5.0U  W-5.0U 
M2  1  3  5  0  NMOS  L-5.0U  W-5.0U 

M3  2  6  1  1  PMOS  L-5.0U  W-10.0U 

M4  5  6  1  1  PMOS  L-5.0U  W-10.0U 

M5  1  7  5  1  PMOS  L-5.0U  W-10.0U 

M6  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M7  10  7  5  0  NMOS  L-5.0U  W-15.0U 
M8  1  9  5  1  PMOS  L-5.0U  W-10.0U 
M9  1  5  11  1  PMOS  L-5.0U  W-10.0U 
M10  0  12  9  0  NMOS  L-5.0U  W-15.0U 

Mil  13  2  0  0  NMOS  L-5.0U  W-15.0U 

Ml 2  13  5  11  0  NMOS  L-5.0U  W-15.0U 
Ml 3  1  12  9  1  PMOS  L-5.0U  W-30.0U 
Ml 4  12  111  PMOS  L-5.0U  W-10.0U 
Ml  5  1  14  2  1  PMOS  L-5.0U  W-10.0U 
Ml  6  15  12  0  0  NMOS  L-5.0U  W-15.0U 
Ml  7  15  14  2  0  NMOS  L-5.0U  W-15.0U 
Ml  8  1  12  2  1  PMOS  L-5.0U  W-10.0U 

Ml  9  0  7  14  0  NMOS  L-S.0U  W-1S.0U 

M20  1  7  14  1  PMOS  L-5.0U  W-30.0U 

C21  100. 1 135PF 
C22  12  0  0.279PF 
C23  0  0  0.951PF 
C24  700. 133PF 
C25  1400. 100PF 
C26  2  0  0.238PF 
C27  1 1  0  0. 134PF 
C28  5  0  0.260PF 
C29  900. 101PF 
C30  600. 103PF 
C  3 1  3  0  0. 103PF 

V I N 1  12  0  PULSE  ( 5V  5V  5NS  0NS  0NS  10NS) 

VIN2  7  0  PULSE  <5V  0V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  ! 0V  5V  4NS  0NS  0NS  2NS ) 

VP  1  CAR  6  0  PULSE  ( 5V  0V  4NS  0NS  0NS  2NS  > 

.TRAN  0.5NS  40NS 

•PLOT  TRAN  V( 1 1 )  10V.5V) 

.END 


C-74 


!•••* ***12/01/84  •**••••*  SPICE  2G.1  1 15OCT80 J  •  4  » 22 »09***** 

0  CHOS/SOS  PRECHARGEO  8ITSLICE  SECTION  2  TRANSIENT  ANALYSIS  Af| 

««•••  TRANSIENT  ANALYSIS  TEMPERATURE  -  27. 000  OEG  C 


X 


X 


TIME  V(ll) 

0. 


0.  4 *99 

5.0094- 10 
I .9991-99 

1.5004- 09 
2.0094-99 

2.5004- 99 
2.0094-09 

2.5004- 99 
4.0004-99 

4.5094- 09 
S .0004-99 

5.5 094- 09 

5.9094- 99 

5.5094- 99 

7.9094- 99 

7.5094- 09 
9 . 0994-09 

9.5094- 09 

9.9994- 09 

9.5004- 99 

1.9994- 09 
l .9594-09 
1 . 1004-09 

1 .1500- 08 
1 .2004-99 
1  .2500-06 
1 .308d-00 
I  .  3500-08 
1  . 400d-08 

1 . 4500- 08 

1.5000- 08 

1.5500- 08 
1 .6000-00 
I . 6504-08 
I . 700d-08 

1 . 7500- 08 
1 . 8000-08 
I  .  C59d-08 
1 .900d-0O 

1.3500- 00 
2.000d-08 
2.050d-08 
2. I00d~08 
2 . 1 504-99 
2.2904-09 

2.2500- 08 

2. 3000- 08 

2 . 3500- 08 

2.4000- 08 

2.4500- 08 

2 . 5000- 08 

2.5500- 08 
2.6000-08 

2.6500- 08 

2.7000- 08 
2 . 750d-00 
2.8000-08 
2.  C50O-08 
2 . 9904-99 
2.9504-99 
3. 0000-00 
3.0500-08 
3. 1080-00 

3.1500- 00 
3 . 2000-08 

3.2500- 00 
3.30OJ-0O 
3.3580-00 

3.4000- 00 

3.4500- 0O 

3.5000- 08 

3.5500- 0O 
3. 6080-00 

3.6500- 00 

3.7000- 00 

3.7500- 08 
3.0000-08 
3.8500-08 

3.3000- 08 

3.3500- 08 
4 . 000d-08 


8.0350-08 
9.0250-08 
9.0350-08 
9.0250-08 
9.0350-08 
9.0350-08 
9.0250-08 
9.0350-08 
9.0250-08 
9.0350-08 
9.0350-08 
9.0250-08 
9.0480-08 
9.  1420-08 
9 . 3580-08 

1.2510- 04 
5 . 6940-03 
2.5940-02 
5.8310-02 
1 . 3550-01 
2.4240-01 
4.0440-01 
6. 5800-01 
9.6290-81 
1. 3830400 
1.8290400 
2.3550400 
2.8660400 
3.3210400 
3.7430400 
4.0540400 

4.3240400 
4.5260480 
4.6650400 
4.7620400 
4.8280400 
4.8720400 
4.8690400 
4.0570400 
4.7490400 
4.5750400 
4.2980400 
3.9200400 
3.4840400 
2.9410400 
2.3640400 
1 .8120400 

1.3240400 
8.9300-01 
5. 0090-01 
3.6690-01 
2.0650-01 
1.2680-01 
7.1230-02 
3.9640-02 
2.2(40-82 
1 .3260-02 
6.9730-03 
3.9660-03 
2.2010-03 
1 .0970-03 
6.5820-04 
3.4760-04 
1.8150-04 
1.0560-04 
5.3690-05 
3 . 82  40-05 
1.6620-05 
8.2200-06 
4.9490-06 
2.6260-06 
1.4110-06 
8.5560-07 
4.7700-07 
3.0730-07 
2.0900-07 
1.4660-07 

1.2510- 07 
1  .0660-07 
9.9810-08 
9.5370-08 


0400  1.2500400  2.5000400  3.7500400  5.9904*00 


Figure  C-36.  SPICE  Plot  Section  2  Input  101  Two 
Node  Precharge  with  Basic  Widths. 


C-75 


!»*•*». *12/01/84  »*****«»  SPICE  2G.1  CI5OCT80)  , 23 :09***** 

0  CMOS/SOS  PRECHARGED  BITSLICE  SECTION  2  TRANSIENT  ANALYSIS 

0***»  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

£••**••**.*•••***••*•****••••••»**•**•••*••*•*•*•*****•*•••**•*•**•*••* 


.WIDTH  OUT-80 

.OPTIONS  I TL 1 =500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-10.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-10.0U 

M3  2  6  1  1  PMOS  L-5.0U  W-20.0U 

M4  5  6  1  1  PMOS  L-5.0U  W-20.0U 

M5  1  7  5  1  PMOS  L-5.0U  W-10.0U 

M6  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M7  10  7  5  0  NMOS  L-S.0U  W-15.0U 
M8  1  9  5  1  PMOS  L-5.0U  W-10.0U 
M9  1  5  11  1  PMOS  L-5.0U  W-10.0U 
M10  0  12  9  0  NMOS  L-5.0U  W-15.0U 

Mil  13  2  0  0  NMOS  L-5.0U  W-1S.0U 

Ml  2  13  5  11  0  NMOS  L-5.0U  W-15.0U 
M 1 3  1  12  9  1  PMOS  L-S.0U  W-30.0U 
M 1 4  12111  PMOS  L-5.0U  W-10.0U 
M 1 5  1  14  2  1  PMOS  L-5.0U  W-10.0U 
Ml  6  15  12  0  0  NMOS  L-5.0U  V-1S.0U 
M 1 7  15  14  2  0  NMOS  L-5.0U  W-15.0U 
M 1 8  1  12  2  1  PMOS  L-5.0U  W-10.0U 

M19  0  7  14  0  NMOS  L-5.0U  W-15.0U 

M20  1  7  14  1  PMOS  L-5.0U  W-30.0U 

C21  100.1 135PF 
C22  12  0  0.279PF 
C23  0  0  0.951PF 
C24  700. 183PF 
C25  1400. 100PF 
C26  2  0  0.288PF 
C27  1100. 134PF 
C28  5  0  0.2G0PF 
C29  9  0  0. 101PF 
C30  6  0  0. 103PF 
C31  300. 103PF 

V I N 1  12  0  PULSE  <5V  5V  5NS  0NS  0NS  10NS) 

VIN2  7  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  !0V  5V  4NS  0NS  0NS  2NS ) 

VP  1  BAR  6  0  PULSE  ( 5V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V( 1 1 )  (0V.5V) 

.END 


C-76 


04,23.09 


!••••••• 12/01/04  SPICE  2C.1  MSOCT80) 

0  CMOS/SOS  PRECHAR6E0  BITSllCC  SECTION  2  TRANSIENT  ANALYSIS  *2t 

TRANSIENT  ANALYSIS  TEMPERATURE  ■  27.999  DEC  C 

#-'•"•**"'•*******•••••*•***•**•***••*•**•••••••**•••*••••••••***•*•*• 


TIME 

VI  11  > 

0. 

4*00 

1.2504*00 

2 . 5004*00 

3.7504*00 

1.0004*00 

9.  6*99 

5 . 9904*90 

• 

S.0f«d-10 

3.0904*90 

• 

J . 9986-99 

5.0004*00 

• 

l. *994-93 

5.0004*00 

2.9994-93 

5.0004* 00 

* 

2. *094-93 

5.9004*00 

• 

2.9994-93 

5.0004*00 

• 

3. *994-93 

5.0004*00 

• 

4.9094-93 

5.9094*09 

4.3904-03 

3.0094*99 

5. 9994-93 

3.0004*90 

3.3094-03 

4.9734*99 

3.9004- 99 

4.9464*09 

• 

3.5 004-09 

4.5 1 74*99 

• 

7 .0094-09 

3.9994*00 

• 

7.3004-99 

3. 4094*99 

• 

9.0904-09 

2.7774*90 

• 

9.3004-09 

2.1424*99 

• 

9.9994-09 

1.3634*90 

• 

9.5094-99 

1 .9994*99 

• 

1 . 9004-90 

6.9414-01 

• 

1.9594-00 

4.4904-01 

• 

1 . 100J-00 

2.6654-01 

1 . 15fd-00 

1.4964-01 

• 

1  .200d-00 

8 .9384-02 

,  • 

1 .2504-08 

5.0124*02 

a  • 

1 .3004-08 

2.7664-02 

1 .350d-0O 

I .5334*02 

1 . 4004-00 

9. 1384-03 

1 .4G0d-00 

4.7134-03 

1 .5004-08 

2.6624-03 

1.5504-00 

1.3504-03 

1  .  (,004-00 

7.7244-04 

1  .3504-00 

4 . 4374-04 

I .7004-00 

2.6184-04 

I  .  750J-0O 

4 . 4004-94 

I  .  8004-08 

0.467d-04 

1  .C50d-0O 

1 .1614-02 

1 .900d-00 

3. 7004-02 

1 . 950J-00 

7.9124-82 

.  • 

2.000J-00 

1.6924-01 

• 

2. 050U-05 

2.9184-01 

2. 1094-09 

4.0264-01 

• 

2. 1 50 J - 00 

7.6244-81 

• 

2 . 2004-99 

1 . 0954*00 

• 

2.2594-99 

1 .5414*00 

2 . 3004-09 

2.0164*00 

• 

2.35 94-09 

2 . 5<6d*00 

• 

2.4094-09 

3.0394*00 

• 

2.4504-99 

3.4684*00 

■ 

2. 5094-99 

3. 8644*00 

• 

2.5504-99 

4.161 4*99 

• 

2.6004-99 

4.39 04*90 

2.6 594-03 

4.56 94*90 

2 . 7004-00 

4.7004*00 

2.7504-00 

4.793 4*00 

2.9004-09 

4.161 4*90 

2.8504-00 

4.9024*00 

2 . 9094-09 

4.925 4*09 

2.9504-00 

4.9554*00 

3.0004-00 

4.969 4*00 

3 .0504-90 

4.9604*00 

3. \094-00 

4 . 9664*00 

3.  1504-08 

4 . 99!d*00 

3 . 2C0d -00 

4 . 9  9  4  d ♦ 00 

2.2504-00 

4 . 9964*80 

» 

3 . 3000*00 

4 . 9974*00 

• 

3. 3504-00 

1. 9904*08 

• 

3 . 4004-00 

4.99 94*90 

3.45O4-0O 

4.9994*99 

• 

3.5004-00 

4.9994*09 

• 

3.5504-00 

5.0094*99 

• 

3.C0A4-08 

5.0004*90 

• 

3. 6504-88 

5.0004*90 

• 

3.7004-08 

5.0004*09 

3.7504-08 

5 .9004*00 

3  •  0004-08 

5 .9094*00 

* 

3  .  C504-08 

5.9004*99 

3.9004-08 

5.0004*99 

3.9504-08 

5.0004*90 

4.C004-08 

5 .0004*00 

Figure  C-37. 


SPICE  Plot  Section  2  Input  010  Two 
Node  Precharge  with  Widths  x2. 


j***»***j 2/01 /8  4  *•*«***»  SPICE  2G.1  <15OCT80>  »»*****»04 : 23 s 5 1 **»»* 

0  CMOS/SOS  PRECHARGED  BITSLICE  SECTION  2  TRANSIENT  ANALYSIS 

0****  INPUT  LISTING  TEMPERATURE  »  27.000  DEG  C 

0**«* ****••*•***»»*»*•*••* **«»«.****«•*.*«.*..,.,,*****,* «•**« **•«»**** 


.WIDTH  OUT*80 

.OPTIONS  ITL 1=500  ITL5-0 

.MODEL  NMOS  NMOS  (VT0=1V  TOX=75NM  UO=400  NSUB-2.5E16  LD=0.7UM) 
♦  LEVEL  =  1 

•MODEL  PM03  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB»3E15  LD=0.7UM) 

♦LEVEL* 1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W=10.0U 

M2  1  3  5  0  NMOS  L-5.0U  WM0.0U 

M3  2  6  1  1  PMOS  L=5.0U  W-20.0U 

M4  5  6  1  1  PMOS  L=5.0U  W=20.0U 

M5  1  7  5  1  PMOS  L=5.0U  U-10.0U 

MG  10  9  0  0  NMOS  L=5.0U  W=15.0U 
M7  10  7  5  0  NMOS  L*5.0U  W=15.0U 
M8  1  9  5  1  PMOS  L-5.0U  W=10.0U 
M9  1  5  11  1  PMOS  L  =  5 . 0U  W=10.0U 
M10  0  12  9  0  NMOS  L=5.0U  W=15.0U 

Mil  13  2  0  0  NMOS  L=5.0U  W=1S.0U 

Ml  2  13  5  11  0  NMOS  L  =  5.0U  W=15.0U 
Ml  3  1  12  9  1  PMOS  L  =  5 . 0U  W=30.0U 
M 1 4  12111  PMOS  L=S.0U  W»10.0U 
Ml 5  1  14  2  1  PMOS  L=S.0U  VJ=10.0U 
MIG  15  12  0  0  NMOS  L=5.0U  W=15.0U 
M 1 7  15  14  2  0  NMOS  L  =  5.0U  W=15.0U 
Ml  8  1  12  2  1  PMOS  L  =  5.0U  W=10.0U 

Ml  9  0  7  14  0  NMOS  L  =  5.0U  W=15.0U 

M20  1  7  14  1  PMOS  L=5.0U  W=30.0U 

C21  100. 1 135PF 
C22  12  0  0.279PF 
C23  0  0  0.951PF 
C24  700. 183PF 
C25  1400. 100PF 
C2G  2  0  0.288PF 
C27  1100. 134PF 
C28  5  0  0.2S0PF 
C29  9  0  0. 101PF 
C30  G  0  0. 103PF 
C31  300. 103PF 

V I N 1  12  0  PULSE  ( 5V  5V  5NS  0NS  0NS  10NS) 

VIN2  7  0  PULSE  <5V  0V  5NS  0HS  0NS  10NS) 

VP1  3  0  PULSE  10V  5V  4NS  0NS  0NS  2NS ) 

VP  1  BAR  6  0  PULSE  ! 5V  0V  4NS  0NS  0NS  2NS ) 

.TRAN  0.5NS  40NS 

.PLOT  TRAN  V< 1 1 )  (0V.5V) 

.END 


1 


'#4 , 23  I  5  I 


12/01/84  ••••••••  SPICE  ZC.l  (15OCT001 

0  CMOS/SOS  PRECHARGED  11TSLICE  SECTION  2  TRANSIENT  ANALYSIS 

0*“-*  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  DEG  C 


TIME 

VII!  > 

0. 

0*00 

1.2500*00 

2.5000*00 

3.7500*00 

5.0000*00 

0.  d*00 

9.0250-08 

5 . 000d- 10 

9.025d-08 

1  . 0000-09 

9. 0250-08 

1 .S00O-09 

9.0250-08 

2 . 0004*09 

9.0250-08 

2.5000-09 

9.0250-08 

3. *000-09 

9.0250-08 

3.500d-09 

9.0250-08 

4 . 0000-09 

9.0250-08 

4 . 5000 -09 

9.0250-08 

5 . 000O-09 

9.0250-08 

5 . S00O-09 

9.0250-08 

6.000d-09 

9.0470-08 

6 . S00d-09 

9. 1230-08 

7 . 000d-09 

9.3260-08 

7 . 5000-09 

4.2100-05 

0.0000-09 

4.5500-03 

0 . 500d-09 

2.2540-02 

9.000d-09 

5. 1800-02 

9 . 5000-09 

1 .2400-01 

1 . 000d -00 

2.2460-01 

• 

1 . 050d-0O 

3.7790-01 

• 

1  .  1 00d-08 

6.2090-0! 

• 

1  .1580-88 

9.1480-01 

« 

1 . 200d-0B 

1 . 3250+00 

.  • 

1.2500-08 

1 . 7730*00 

* 

l  .3000-08 

2.2830*00 

• 

I .3500-08 

2. 7980*00 

• 

1  .  4000-00 

3.2630*00 

• 

1 .4500-00 

3 . 6860*00 

•  _ 

1 ,500d-0O 

4.0120*00 

* 

i  .ssfld-eo 

4 . 3030*00 

• 

1 .600d-0O 

4.5030*00 

• 

1  .65Od-00 

4.6480*00 

• 

I . 7000-00 

4. 7490*00 

• 

1  .7500-08 

4.8200*00 

1  .  800J-00 

4.8650*00 

• 

1 .8500-00 

4.8850*00 

1 .9000-08 

4 .8470*00 

• 

1  .  9G0dr 08 

4.7650*00 

• 

2.000O-0U 

4.5640*00 

2.0S0d-08 

4.2790*00 

2. 1000-00 

3.9230*00 

• 

2.  1500-00 

2.4510*00 

2.2000-00 

2.9230*00 

2.250d-OO 

2.3640*00 

• 

2.3000-00 

1 .8150*00 

• 

2.3500-00 

1 .269d*O0 

#  • 

2.4000-00 

8.9060-01 

• 

2.45OO-00 

5.8210-01 

• 

2.5000-08 

3.4000-01 

• 

2.5500-08 

2. 1840-01 

2 . 600d-08 

1.2430-01 

2 . 650d-08 

6 . 97  8d-02 

2.7O0O-08 

4.0880-02 

2.7500-00 

2.205d-02 

2.8000-08 

1 . 1780-02 

2.8500-00 

7.2270-03 

2.9000-00 

3.0140-03 

2.9500-08 

2.0590-03 

3.0000-00 

1 .1830-03 

3.0500-08 

5.9640-04 

3.  1000-00 

3.469d-04 

3.1500-00 

1 . 072d-84 

3 . 2Ort.j-0O 

9.  l«*5d-05 

3 . 25MO-0O 

5 ,S?4d-05 

3.300J-OO 

2 . 3*30-05 

3.3000-00 

1 . 5 1  2d  -  05 

3.5000-00 

8.0940-06 

3.450-1-00 

4 . 496d-<JG 

3.50OJ-OO 

2.6* 4d-06 

3.5590-00 

1 . 462d-06 

3.C00  1-0O 

7.548d-07 

3.6500-00 

4 .925d-07 

3.7000-08 

2 . 96  4d- 07 

3. 7500-88 

2.0 !8d-07 

3.0000-00 

1.5240-07 

3 . 0500-00 

l . 2 1 9d-07 

3.9000-80 

1 .U65O-07 

3.9500-00 

1 .0010-87 

4.0000-88 

9.5120-08 

Figure  C-38. 


SPICE  Plot  Section  2  Input  101  Two 
Node  Precharge  with  Widths  x2. 


l*«****M2/01/84  «*****»«  SPICE  2G.1  (1SOCT80)  ****»*»*04 : 25 

0  CMOS/SOS  PRECHARGED  BITSLICE  SECTION  2  TRANSIENT  ANALYSIS 

0***»  INPUT  LISTING  TEMPERATURE  »  27.000  DEG  C 


.WIDTH  OUT -80 

.OPTIONS  ITL 1=500  ITL5*0 

•MODEL  NMOS  NMOS  <VT0=1V  TOX-75NM  UO-400  NSUB-2.5E16  LD-0.7UM) 
♦  LEVEL  -  1 

-MODEL  PMOS  PMOS  (VT0=-1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-15.0U 

M2  1  3  5  0  NMOS  L-5.0U  W-15.0U 

M3  2  6  I  1  PMOS  L-5.0U  W-30.0U 

M4  5  6  I  1  PMOS  L-5.0U  W-30.0U 

M5  1  7  5  1  PMOS  L-5.0U  W-10.0U 

M6  10  9  0  0  NMOS  L-5.0U  W-15.0U 
M7  10  7  5  0  NMOS  L-5.0U  W-15.0U 
M8  1  9  5  1  PMOS  L-5.0U  W-10.0U 
M9  1  5  11  1  PMOS  L-5.0U  W-10.0U 
M10  0  12  9  0  NMOS  L-5.0U  W-15.0U 
Mil  13  2  0  0  NMOS  L-5.0U  W-15.0U 
Ml  2  13  5  11  0  NMOS  L-5.0U  W-15.0U 
Ml  3  1  12  9  1  PMOS  L-5.0U  W-30.0U 

Ml  4  1  2  11  1  PMOS  L  =  5 . 0U  W-10.0U 

Ml  5  1  14  2  1  PMOS  L-5.0U  W-10.0U 

MIG  15  12  0  0  NMOS  L-5.0U  W-15.0U 
M 1 7  15  14  2  0  NMOS  L  =  5.0U  W-15.0U 
M 1 8  1  12  2  1  PMOS  L=5.0U  W-10.0U 

M 1 9  0  I  14  0  NMOS  L-5.0U  W-15.0U 

M20  1  7  14  1  PMOS  L-5.0U  W-30.0U 

C21  100. 1  135PF 
C22  12  0  0.279PF 
C23  0  0  0.9S1PF 
C24  700. 133PF 
C25  1400. 100PF 
C26  2  0  0.288PF 
C27  1 1  0  0. 134PF 
C28  5  0  0.250PF 
C29  9  0  0. 101PF 
C30  600. 103FF 
C31  3  0  0. 103PF 

V I N 1  12  0  PULSE  ( 5V  5V  5NS  0NS  0NS  10NS ) 

VI N2  7  0  PULSE  <0V  5V  5NS  0MS  0NS  10NS> 

VP1  3  0  PULSE  !0V  5V  4NS  0NS  0NS  2NS ) 

VP  I  BAP.  S  0  PULSE  { 5 V  0V  4NS  0NS  0NS  2NS  ) 

.TRAN  0. 5 NS  40NS 

.PLOT  TRAN  V { 1  I )  (0V.5V) 


'04  i  25  i  04' 


(•••••••12/01/04  . .  SPICE  2G.1  ( 15QCT80 ) 

0  CMOS/SOS  PRECHARGED  BITSUCE  SECTION  2  TRANS  I  ENT  ANALYSIS  *S 

0....  TRANSIENT  ANALYSIS  TEMPERATURE  •  27.000  DEC  C 


TIME 

VIII) 

0. 

6*00 

1 .250d+00 

2.5 006*00 

3. 750d+00 

5 . 0V0d  +00 

0.  d  *00 

5.0006*00 

5 . 2084- 10 

5 . 000d+00 

I  .000009 

5.000d*00 

1  .  500-1-09 

5.000d+00 

2.000009 

5.00fd*00 

2  -  500d-09 

5.000d+00 

3.000009 

5.0P0d*88 

3 . 500-1-09 

5 . 0006*99 

4 .000-009 

5.0006*09 

4.500009 

5 . 000d+00 

5 . 00®d-09 

4 . 969d+00 

5 . S00d-09 

4 . S64d+00 

6 . 000-1-09 

4.520d+0« 

6 . 500d-09 

3 . 969d  +  00 

7 . 000d -09 

3 . 26 1 d+00 

7 . 500d-09 

2.544d*00 

S . 000d -09 

1 . 870d*O0 

8 . 500009 

1 .306d*00 

9 .000009 

0.47  4d-0 1 

9. 500d-09 

5 . 4 1 2d-0 1 

1  . 0000  08 

3 . 260d-0 1 

I  .0500  08 

1.763001 

• 

1  .  100-1-08 

1 . 064d-0 1 

#  • 

1  .  1  50008 

5 . 895d-02 

#  • 

I  .  280d-00 

3 . 322d-82 

1  . 250d -08 

1 .767d-02 

1 .308-008 

1 .061 d-02 

l  .350*1-00 

5.67  4d-03 

t  .  400008 

2.907d-03 

I  .450000 

1 .720093 

I  .5000  00 

0. 728004 

1.550-3-00 

4.57  6d-04 

1  .  600000 

2. 5S*3d-04 

1 .550000 

1 . 466d-04 

1  .  700-1-00 

8. 745d-05 

1  .  75OO0O 

2 . 2P 1 d-04 

1  .  CO0O0O 

4 . 766d-04 

1  .050-1-00 

1 . 0 1 0d-02 

1 .900000 

3 . 3  7  3d- 82 

1 .950000 

7 . 3 1 6d-02 

2.000-1-00 

1 .5?2d-0l 

2 . 050d - 00 

2 . 766d-0 1 

2.  I00OO8 

4 . 596d-0 1 

2 . 1  50000 

7 . 3 1 0d-81 

2.20O-1-0O 

1 . 0S5d+O0 

2.250*1-00 

1 . 49  4d  +  00 

2 . 300000 

1 . 964d+00 

2. 350*1-00 

2. 4&4O00 

• 

2.  400-J-0O 

2 . 969d+O0 

2 .450000 

3 . 425d  +  00 

• 

2 . 500008 

3 . 824d*00 

.  • 

2 . 550008 

4. l?0d+00 

• 

Z  .  600008 

4.370d+O0 

• 

2 . 650000 

4 . 568d+00 

• 

2 . 700-1-00 

4 . 6E'8d  +  O0 

• 

2 . 7500  00 

4 . 76 6d ♦ 00 

• 

2. 8080-08 

4 . 85Sd+00 

• 

2.C50O-0O 

4 . 8?Bd+O0 

•  , 

2.0000-00 

4 . 92 3d *08 

•  . 

2  .  ?r.»'.J-0O 

4 .953d *00 

•  . 

3 . 000-000 

4 . 968d+O0 

3.0500-00 

4.97  9d  +  O0 

3.  10OO-00 

4 . 965d+00 

3 .1500-00 

4 . 990d  *00 

3 . 2000-00 

4 . 994000 

3 . 2600-00 

4 . 996d+U0 

3 . 31'n-i-mi 

4 . 997d+«0 

3 . 350008 

4.998d*80 

3.  iooo-0n 

4 .9?9d+*N 

3.  160-1-00 

4 . 999d+m* 

3 . 50*d -08 

4 . 999d+8f 

3 . r  500-00 

5. need+oo 

3  .  COU J -00 

5 . 0l'0d*O0 

3 . 650000 

i. 9006*90 

3. 7000-80 

5 . 0£'fd*U0 

3 . 750O-0U 

5 . 0006*00 

3 . 8000-00 

5. 9096*119 

3 . 0500-00 

5 . 0f0d+U0 

3 . 900-1-00 

5 . 9096*130 

3.9500-00 

5 . 000d*O0 

4.00OO-0 8 

5 . 0<*0d*U0 

Figure  039.  SPICE  Plot  Section  2  Input  010  Two 
Node  Precharge  with  Widths  x3 . 


1  »*****»l2/01/84 


SPICE  2G.  1  < 15OCT30) 


04:25:34***** 


0  CMOS/SOS  PRECHARGEO  BITSLICE  SECTION  2  TRANSIENT  ANALYSIS 

0****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


0** 


»*•**  it  it  it  it  i 


.WIDTH  OUT  =  80 

.OPTIONS  I TL 1 =500  I TL 5=0 

.MODEL  NMOS  MHOS  <V70=1V  TOX=75NM  UO=400  NSUB=2.5E1S  LD=0.7UM) 
+  L  EVEL  =  1 

•MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LO=0.7UM) 

+  L  EVEL  =  1 
VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W=15.0U 
M2  1  3  5  0  NMOS  L=5.0U  W=15.0U 

M3  2  6  1  1  PMOS  L  =  5 . 0U  W=30.0U 

M4  5  6  1  1  PMOS  L  =  5 . 0U  W=30.0U 

M5  1  7  5  1  PMOS  L  =  5 . 0U  W=10.0U 

M6  10  9  0  0  NMOS:  l  =  5.0U  W=15.0U 
M7  10  7  5  0  NMOS  L=5.0U  W=15.0U 
M8  l  9  5  1  PMOS  L=5.0U  W=10.0U 
M9  1  5  11  1  PMOS  L  =  5 . 0U  W=10.0U 
M 1 0  0  12  9  0  NMOS  L=5.0U  W=15.0U 

Mil  13  2  0  0  NMOS  L  =  5 . 0U  W=15.0U 

M 1 2  13  5  11  0  NMOS  L  =  5 . 0U  W=15.0U 
M 1 3  1  12  9  1  PMOS  L  =  5 . 0U  W=30.0U 
M 1 4  12111  PMOS  L=5.0U  W=10.0U 
M 1 5  1  14  2  1  PMOS  L=5.0U  W=10.0U 
MIG  15  12  00  NMOS  L=5.0U  W=15.0U 
M 1 7  15  14  2  0  NMOS  L=5.0U  W=15.0U 
M 1 8  1  12  2  1  PMOS  L  =  5 . 0U  W=10.0U 

M 1 9  0  7  14  0  NMOS  L=5.0U  W=15.0U 

M20  1  7  14  1  PMOS  L  =  5 . 0 U  W=30.0U 

C21  1  0  0. 1 135PF 
C22  12  0  0.279PF 
C23  0  0  0.951PF 
C  2  4  7  0  0. 183PF 
C25  1400. 100PF 
C2S  2  0  0.238PF 
C  27  1  1  0  0. 134PF 
C23  5  0  0.260PF 
C29  9  0  0. 101PF 
C30  600. 103PF 
C  3 1  3  0  0. 103PF 

VIN1  13  0  PULSE  ( 5V  5V  5NS  0NS  0NS  10NS) 

V I N 2  7  0  PULSE  (  5V  0V  5NS  0113  0NS  10NS) 

VP1  3  0  PULSE  ;j0V  5V  4NS  0NS  0NS  2NS  > 

VP  1  EAR  6  0  PULSE  ( 5V  0V  4NS  0NS  0NS  2NS  ) 

.TRAN  0.5FI3  40NS 

•PLOT  TRAN  V< 1 1 )  (0V.5V) 

•  END 


C-84 


1  *******  i  2/.5J1  /34 


SPICE  2G.1  (15OCT30) 


01:15: 15*»*»* 


0  CMOS/SOS  BITSLICE  SECTION  3  BASIC  TRANSIENT  ANALYSIS 

0«***  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0«»«««***********  *************•*******.***»•«*»*»**. ***•*•***«*****.►.►** 


.WIDTH  OUT *80 

•  OPTIONS  I TL 1*500  I TL  5=0 

•MODEL  NMOS  IIMOS  (VT0=1V  TOX=?5NM  UO=400  NSUB-2.5E1S  LD-0.7UM) 
♦LEVEL* 1 

•MODEL  PM03  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB-3E15  LD-0.7UM) 

♦  LEVEL*  1 

VDD  1  0  DC  5V 

Ml  l  3  2  1  PMOS  L  *5 . 0U  W-10.0U 

M2  1  2  5  1  PMOS  L-5.0U  W-10.0U 

M3  3  7  0  0  NMOS  L-5.0U  W-15.0U 

M4  3  3  2  0  NMOS  L-5.0U  W*15.0U 

MS  1  7  2  1  PMOS  L-5.0U  W-10.0U 

M6  10  9  0  0  NMOS  L*5.0U  V-15.0U 
M7  10  2  5  J  NMOS  L  * 5 . 0U  W* 1 5 . 0U 
M3  1951  PMOS  L-5.0U  W*10.0U 
M3  I  :  1 1  1  PMOS  L  =5 . 0U  W-10.0U 


M  1  0 

•  -»  •  ”> 

7 

w 

NMOS 

L  *5 . 0U 

W-15.0U 

Ml  1 

is  i‘i 

\ 

a 

NMOS 

1=5. 0U 

W-15.0U 

Ml  2 

i  i :  i 

t 

PMOS 

L*S.0U 

W-10.0U 

Ml  : 

1  l  4  1 

j 

3  MOS 

L  *  5 . 0U 

W-10.0U 

M  1  4 

0  :  i4 

’  J 

N 

MOS  L 

=S.0U  ' 

W-  1  5 ,0U 

Ml  5 

16  15 

J 

J 

NMOS 

1=5. OU 

W* 1 5 . 0U 

Ml  6  IS  14  13  a  NMOS  L  *  5 . 0U  W* 1 5 . 0U 
M !  7  i  :  14  :  PMOS  L=5.0U  W»30.0U 

mis  i  is  i:  i  g mos  l*s.cu  w- ig.au 

M  !  9  0  1  5  3  0  11  IDS  L  =5  .  au  W*  1  5 . 0U 
M20  :  IS  9  1  PMOS  L=G.0U  W»30.0U 
C21  1  0  0.501 PF 

C23  000. 4C5PF 
C  2  3  '.5  7  0  .  1  4  : F 
C  2  4  9  J  0  .  U  1  P  P 
C 2 5  2  0  0.  ’SOI'F 
C 25  12  0  0. 1 3o?f 
C  L  7  14  0  0 . 1  3  4 P  F 
C23  1  1  0  0. 1 1  •'  F 
C29  5  0  0.1  37IM- 

VI?1!  IS  U  ’ U L S I  <0V  5 V  5NS  0NS  0NS  10NS) 
VCAP  S  0  PULSE  (0V  0V  0MS  0113  0NS  10NS> 
VSEL  7  J  PJL3.1  ( 5V  GV  0HS  0MS  0NS  10NS) 

.  TP.Ati  0.5US  4.  MS 
.PLOT  TP. AC  •/(’.!!  (0V.5V) 


I 


*  15  *  IS' 


12/01/84  . .  SPICE  26.1  <  15OCTB0) 

§  CMOS/SOS  BITSLICE  SECTION  3  BASIC  TRANSIENT  ANALYSIS 

0*-«*  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  DEC  C 

. . . . . 


TIME 

v<  in 

0. 

0*00 

.2500*00 

2 . 5000*00 

3.7500*01 

5.0000*00 

0.  0*00 

5.000d*00 

• 

5 . 0000-10 

5 . 000d*00 

1 .0003-09 

5 . 0000*00 

1.5000-09 

5.0000*00 

2 . 000d-09 

5.0000*00 

2.5000-09 

5 . 000d*00 

3.000d-09 

5 . 000d*00 

3.S00J-09 

5 . 000d*00 

4.000d-09 

5.000d*00 

4 . 5000-09 

5 . 000d*00 

5.0003-09 

5 . 000d*00 

5 . 500d-09 

5 . 000d*00 

6 . 000d-09 

5 . 000d*00 

6 . 500*3-09 

5 . 000d*tf 0 

7.000d-09 

5 .0000*00 

7. 500J-09 

4. 990d*00 

8 . 000d-09 

4 . 92 ld*O0 

0.508d-09 

4.74 1 d*O0 

9 . 000d-09 

4.41 8d*00 

9.5CO3-09 

4 . 009d*00 

1 . 000d-08 

3.451d*00 

1  . 050d-OO 

2.850d*00 

1 . 1 00d-0O 

2.  I74d*00 

1  .  1  500-00 

I .541d*00 

1  .  200d-0Q 

1 . 04 1 d*00 

• 

1 .250J-00 

6 . 650d-01 

I . 2000-00 

3. 7?8d-01 

• 

1  .2500-08 

2 . 3  4  2d-0 1 

• 

1  .  40Od-0O 

1.245d-0I 

1  .  4590-00 

6.729d-02 

,  • 

1  . 5000-00 

3.7600-02 

1 .55OJ-08 

2 . 075d-02 

1  .  6000-00 

I . I74d-02 

I  .  6500-08 

6.71 4d-03 

1 . 7090-08 

3 . 9290-03 

1 . 7503-00 

I  .  1 7  4d- 02 

i  .cnod-08 

5 . 5690-02 

.  • 

1  .0500-00 

l .S02d-01 

• 

1 .9000-08 

4 . 003d-0 1 

• 

1 .3500-00 

7 . 3?3d-01 

• 

2.0000-00 

1 . 24  5d*00 

2.05OO-0O 

l .81 4d*00 

• 

2. 1000-00 

2.420d*00 

2.  1500-00 

2  - 990d*00 

• 

2.2000-08 

3 . 4®0d*00 

2.2500-08 

3 . 893d*00 

2 . 308d-08 

4.21 3d*0f 

2.3500-00 

4 . 44  4d*00 

2.  4000-08 

4. 607d*00 

7 

4.7370*00 

2.5000-88 

4.81 5d*00 

• 

2.550O-0O 

4.875d*00 

» _ 

2.6000-00 

4 . 9 1 8d*00 

•  _ 

2. 6500-00 

4.94  2d*00 

* 

2.7090-08 

4.9620*00 

2. 7500-08 

4 . 97  4d*  O0 

2.  C00O-88 

4.9620*90 

• 

2.6500-00 

4 .9680*00 

• 

2.3000-00 

4 .992d*00 

• 

2.3500-00 

4 . 995d*O0 

3 .0000-00 

4 . 9®6d  *00 

3 . 8500-80 

4,998d*00 

3. 1000-00 

4 . 9980*90 

3. 1500-00 

4 . 9?9d*O0 

3.2000-00 

4.9990*00 

3.2500-00 

5.0000*00 

3.30Od-08 

5.0000*00 

• 

3.3500-00 

5.0000*00 

• 

3.4000-00 

5. 000d*O0 

* 

3. 4  500-08 

5.0000*00 

3.5000-00 

5 . 000d*O0 

3.5500-00 

5.0000*00 

3.6000-08 

5.0000*00 

3. 6500-00 

5 . 000d*90 

3.7000-00 

5 . 000d*00 

3.7500-00 

5.0000*00 

3.C00J-0O 

5.0000*00 

3.C5OO-0O 

5 . 0000*00 

* 

3.30i»d-0U 

5  .  <J00d*O0 

* 

3.3500-00 

5 . 000d*O0 

* 

4.0000-00 

5.0000*00 

.  •  *  <» 


r 


Figure  C-43.  SPICE  Plot  Basic  Section  3  Input  010 


I****** *12/01/34  ««*****•  SPICE  2G.1  < I 5OCT80)  **»*»»**0i . j 9 r 5 1 *»** 

0  CMOS/COS  BITSLICE  SECTION  3  BASIC  TRANSIENT  ANALYSIS 

0*"**  INPUT  LISTING  TEMPERATURE  =  27.000  DEG 


.WIDTH  OUT  =  80 

.OPTIONS  I TL 1 =500  I TL 5=0 

.MODEL  NMOS  MHOS  (VT0=1V  TOX=75NM  UO=400  NSUB=2.5E16  LD=0.7UM> 
+  L  EVEL  =  1 

.MODEL  PMOS  PMOS  <VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD=0.7UM) 

♦  LEVEL  *  1 
VDO  !  0  DC  5V 

Ml  1  3  2  1  PMOS  L  =  5 . 0U  W=10.0U 

M2  1  2  5  1  PMOS  L=5.0U  W=10.0U 

M3  3  7  0  0  NMOS  L=5.0U  W=15.0U 

M4  3  3  2  0  NMOS  L-5.0U  W-15.0U 

M5  1  7  2  1  PMOS  L=5.0U  W=10.0U 

M6  10  9  0  0  NMOS  L=5.0U  W=15.0U 
M7  10  2  5  0  NMOS  L=S.0U  W= 1 5 . 0U 
M3  19  5  1  PMOS  L  =  5 . 0U  W=10.0U 
M9  1  5  11  1  PMOS  L=G.0U  W=10.0U 
£  M 1 0  13  12  3  C  NMOS  L=5.0U  W=15.0U 

•  Mil  13  3  13  0  NMOS  L=S.0U  W=15.0U 

M 1 2  1  12  11  1  PMOS  L  =  5 . 0U  W=10.0U 
Ml  3  1  14  12  1  PMOS  L  =5 . 0U  W=10.0U 
M 1 4  0  2  14  0  NMOS  L  =  5 . 0U  W=15.0U 
Ml  5  16  15  0  0  NMOS  L  =  5.0U  W=15.0U 
Ml  6  1G  14  12  0  NMOS  L=5.0U  W=15.0U 
M 1 7  1  2  14  1  PMOS  L  =  5.0IJ  W=30.0U 
M 1 3  1  13  12  1  PMOS  L=5.0U  W=10.0U 
Ml  9  0  15  9  0  NMOS  L  =  5.0U  W=15.0U 
M20  1  15  9  1  PMOS  L=5.0U  W=30.0U 
C21  1  0  0.S01PF 
C22  0  0  0. 4S5PF 
C23  1500. 143PF 
C24  9  0  0. 141PF 
C23  2  0  0.233PF 
C26  1200. 13CPF 
C27  14  00. 134PF 
C28  11  00. 134PF 
C29  500. 137PF 

VIU1  IS  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS) 

VCAP.  3  0  PULSE  (0V  !7\'  0HS  01IS  0HS  1.0NS) 

VS  EL  7  0  P'JLCE  ( 5V  SY  0NS  0!IS  CHS  10HS) 

. TP. AN  0.5 NS  40NS 

.PLOT  TRAN  V ( i l )  (0V.5V) 

.END 
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SPICE  2C.I  ( 15OCTB0  > 


CMOS/ SOS  8ITSLICE  SECTION  3  BASIC  TRANSIENT  ANALYSIS 


TRANSIENT  ANALYSIS 


temperature  •  27.***  dec  c 


.2584*01  2.5 804*89  3.7504*00  5 .8004*08 


8.  4*08 
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3.  l5Od-0O 

2 . 57  2d-05 

3 .  Z00d~08 

1 . 33 14-05 

3.25OJ-0O 

7.7694-06 

3. 3004-00 
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Figure  C-44.  SPICE  Plot  Basic  Section  3  Input  101. 
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****>•«**  SPICE  2G.1  (15OCT80) 


19:46: 30**** 


0  CMOS/SOS  B1TSL ICE  SECTION  3  PRECHARGED  AT  ONE  NODE 

0***”  INPUT  LISTING  TEMPERATURE  =  27.000  DEG 


0*  *  *  i 


k  A  *  *  *  *  *  1 


.WIDTH  OUT=80 

.OPTIONS  ITL 1=500  ITL5=0 

.MODEL  NMOS  NMOS  <VTO=iV  TOX=75NM  UO=400  NSU3=2.5E1G  LD=0.7UM) 
+LEVEL-1 

.MODEL  PMOS  PMOS  (VT0=-1V  T0X=75NM  UO=200  NSUB»3E15  LD=0.7UM) 

+  L  EVEL  =  1 
VOD  1  0  DC  5V 

Ml  1320  NMOS  L=5.0U  W=5.0U 

M2  2  5  1  1  PMOS  L  =  5 . 0U  W=10.0U 

M3  1  7  6  1  PMOS  L=G.0U  W=10.0U 

M4  1  9  3  1  PMOS  L ”5 . 0U  W=10.0U 

M5  12  1100  NMOS  L=5.0U  W= 1 5 . 0U 
MS  12  7  6  0  NMOS  L=5.0U  W=15.0U 
M7  1  11  6  1  PMOS  L  =  5 . 0U  W=10.0U 
M3  14  i3  0  0  NMOS  L=5.0U  W=15.0U 
M9  14  9  3  0  NMOS  L=5.0U  W=15.0U 
M 10  1  13  3  1  PMOS  L  =  5 . 0U  W=10.0U 
Mil  1  3  2  1  PMOS  L=O.0U  W=10.0U 
M 1 2  IS  15  0  0  NMOS  L  =  5 . 0U  W=15.0U 
M l 3  IS  3  2  0  NMOS  L=5.0U  W=15.0U 
Ml  4  2  13  17  0  NMOS  L  =  5.0U  W=5.0U 
M ! 5  1  1521  PMOS  L=5-0U  W=10.0U 
MIG  1  13  15  1  PMOS  L  =  5 . 0U  W=10.0U 
Ml  7  2  20  17  1  PMOS  L  =  5.0U  W=10.0U 
M 1 3  0  S  13  0  NMOS  L  =  5.0U  W=15.0U 
M ! 9  21  S  0  0  NMOS  L=5.0U  W=15.0U 
M20  21  19  15  0  MHOS  L=5.0U  W=!5.0U 
M2 1  1  G  13  1  PMOS  L  =  5.0U  W=30.0U 

M22  1  G  15  1  PMOS  L=5.0U  W=10.0U 

M23  03  19  0  NMOS  L=S.0U  W=15.0U 

M2 4  1  3  19  1  PMOS  L=5.0U  W  =  30.0U 

C25  1  >11  0.  1239PF 
C26  6  0  0.316PF 
C27  9  0  0.232PP 
C2S  0  0  0.340PF 
C29  19  0  0. 11 1PF 
C30  15  9  0.120PF 
C31  1300. 103PF 
C32  2  0  0.234PF 
C33  17  0  0. 1PF 
C  3  G  '7  0  l  l  n  (* 

Villi  9  0  P'JLUl  :0V  57  GNS  0NS  0NS  10NS) 

VP1  3  0  PULSE  :0V  SV  4 NS  0MS  0NS  2NS ) 

VP  IE. E'.  5  0  PULSE  15V  0V  4NS  0IIS  0NS  2NS ) 

VSEL  7  0  PULSE  < 5V  5V  0NS  0NS  0NS  10NS) 

VCAP  :1  0  PULSE  !  0V  0V  0NS  0113  0NS  10NS ) 

VI' H 1 2  -.0  0  PULSE  :sv  5V  0NS  0113  0NS  201IS) 

VI'  H 1  2  C.\R  20  0  PULSE  ;0V  0V  0NS  0113  0N3  20NS  ) 

.  TP. AN  .'.51!  3  40NS 
•  PLOT  TKAII  V (  2  >  (  0 V  ,  5 V  ) 

.END 
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] •*••••■12/01/94  . .  SR  ICE  2G .  1  U5OCTO01  •••••*••  19 1 «P  t  30***«* 

0  CMOS/SOS  BITSL1CE  SECTION  3  RRECHARGED  AT  ONE  NOOE  Ml 

0«*«*  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.988  DEC  C 

. . * . . . ••< 


TIME 

8.  6*88 

VI  2  > 

0. 

5 . 8886*88 

5.000-3-10 

5 . 8886*88 

1  .000-3-09 

5.8886*88 

1 .500-3-09 
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4 . 795d-0 1 
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3.8614*00 
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2.70O.J-0O 

4.1614*00 

2.7503-08 

4.242 4*80 

2 .  C0U4-08 
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4.4564*00 
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4.517 6*99 

3.0003-00 
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3.0503-00 
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4 . 9  4 l d  *00 
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3 .9003-00 
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Figure  C-47. 


SPICE  Plot  Section  3  Input  010  One 
Node  Precharge  with  Basic  Widths. 
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l******-12/.'Jl/84  **»>****•  SPICE  26.1  (15OCT80)  *»**«**«  \  9 . 45 . 0j  *«»** 

0  CMOS/SOS  BITSLICE  SECTION  3  PRECHARGED  AT  ONE  NODE 

0***"  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT  =  80 

•  OPTIONS  ITL 1 =500  I TL 5  =0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX=75NM  UO=400  NSUB=2.5E1G  LD=0.7UM> 
+LEVEL=  1 

.MODEL  PMOS  PMOS  <VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD=0.7UM) 

+  L  EVEL  =  1 
VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W-5.0U 

M2  2  5  1  1  PMOS  L-5.0U  W-10.0U 

M3  1  7  6  1  PMOS  L  =  5 . 0U  W=10.0U 

M4  1  9  3  1  PMOS  L=S.0U  WM0.0U 

M5  12  11  0  0  NMOS  L  =  5 . 0U  W=1S.0U 
MG  12  7  6  0  NMOS  L=5.0U  W=15.0U 
M7  1  11  6  1  PMOS  L=5.0U  W=10.0U 
MO  14  13  0  0  NMOS  L  =  5 . 0U  W=15.0U 
M9  U  9  3  0  NMOS  L=5.0U  W=15.0U 
M 1 0  1  13  3  1  PMOS  L=S.0U  V=\0.0U 
Mil  1  0  2  1  PliOS  L  =  5.0U  W=10.0U 
M 1 2  1G  15  0  0  NMOS  L-5.0U  W=15.0U 
M 1 3  1G  3  2  0  NMOS  L  =  5.0U  W=15.0U 
M14  213170  NMOS  L=5.0U  W=5.0U 
Ml  5  1  15  2  1  PMOS  L  =  5.0U  W=10.0U 
MIG  1  13  15  1  PMOS  L  =  5 . 0U  W=10.0U 
M 1 7  2  20  17  1  PMOS  L=5.0U  W=10.0U 
M 1 3  0  G  13  0  NMOS  L=5.0U  W=15.0U 
Ml  9  21  G  0  0  NMOS  L  =  5.0U  W=15.0U 
M20  21  19  15  0  NMOS  L=5.0U  W=15.0U 
M2 1  1  G  13  1  PMOS  L  =  S.0U  W=30.0U 

M22  1  G  15  1  PMOS  L=5.0U  W=10.0U 

M23  03  19  0  NMOS  L=5.0U  W=15.0U 

M2 4  i  3  19  1  PMOS  L  =  5.0U  W  =  30.0U 

C25  100. 1230PF 
C2G  6  0  0.31GPF 
C 2 7  9  0  0. 232PF 
C23  0  0  0.340PF 
C29  19  0  0. 1 1 1PF 
C30  15  0  0.120PF 
CO  1  13  3  0.10OPF 
C32  2  0  0.231PF 
C33  17  ;  0. tPF 
C  3  4  S  0  0 . 1  1  9  P  P 

VINi  9  J  PULSE  ( 5V  0V  DNS  0NS  0NS  10NS> 

VP1  3  9  PULSE  ',0V  5V  4NS  0NS  0MS  2NS> 

VP  1  BAP.  5  0  PULSE  ( 5 V  0V  4NS  0NS  0NS  2NS ) 

VSEL  7  0  PULSE  ( 5V  5V  0NS  0M3  0NS  10NS) 

VCAP.  11  0  PULSE  !0V  0V  0NS  0IIS  0NS  10MS) 

VPH I  2  13  a  0 U L S E  ! 5V  5V  0NS  0NS  0NS  20HS ) 

VnilOOAF.  20  0  PULSE  I0V  0V  ONS  DNS  0N3  20NS) 

.TP. AT  0. 5 M3  401  IS 

•  PLOT  TP. Al!  VIS)  (0V.5V) 

.  END 
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SPICE  2C.I  ( 1 5OCT80 > 


CMOS/SOS  BITSLICE  SECTION  3  PRECHARGED  AT  ONE  NOOE  «*| 


TRANSIENT  ANALYSIS 


TEMPERATURE 


27.009  DEG  C 


i  vi 


TIME 

0.  d*00 

VC  2 ) 

9. 

Z. 2334-97 

4*99 

1 . 2500*00 

2.3004*09 

3.75 04*00  3.0994*94 

3.0004-10 

2.2334-97 

1 .009(1-03 

2.2334-97 

1 .5000-09 

2.2334-97 

2.0004-03 

2.2334-97 

2.5 004-03 

2. Z334-07 

3.0094-93 

2.25Sd-07 

3.3004-03 

2.2J 9d-07 

*.0094-03 

2  . 2590-07 

4.3094-03 

2 .02  Id-01 

• 

3.0094-03 

6 . O69d-0 I 

• 

S.5 004-03 

9.5940-01 

• 

6.00 04-03 

1 . I 45d*O0 

• 

6.3904-03 

1 . 39X4*00 

• 

7.0004-03 

1 . 127d*00 

•  < 

7.50*0-09 

9 . 7E6d-0l 

• 

9.0004-03 

1 . 009d*00 

* 

0.3004-03 

1 . 1 S5d«O0 

•  _ 

3.00O4-03 

1  .  3P0d*00 

t  * 

3.3004-03 

1 . 67 8d*00 

• 

1 .0000-00 

1 . 990d*00 

• 

1 . 050d-00 

2.3120*00 

• 

] . 1 000-08 

2 . 6 1 8d*0O 

.  • 

I .1500-00 

2  .  O97d*-00 

• 

1 .2000-00 

3 . 1 *24*09 

• 

1 .2500-00 

3.3*94*90 

• 

1  .  2000-08 

3.3264*00 

• 

1 .3500-00 

3.6774*00 

*  # 

1  .  4000-00 

3.9934*00 

.  • 

1 .4500-00 

3.3X34*00 

• 

1 .5000-00 

4.01 ld*00 

* 

1 .5500-08 

4 .  1 P4d  *00 

• 

1 .6004-00 

4 . l£9d*00 

• 

1 .5500-00 

4.2E7d*00 

» 

1  .  7000-00 

* .3324*00 

• 

I  .  7500-00 

4.3774*00 

• 

1 . C 000-00 

*.3374*00 

• 

1  .  C5OO-0O 

*.22Sd*00 

• 

1 .00*0-0 8 

3 . 97  4d*Q0 

* 

1 .05*0-00 

3 . 675d*00 

•  _ 

2.0000-00 

3 . 32Od*-O0 

• 

2.0500-00 

2 . 995<J*00 

• 

2. 1000-00 

2 .  637d«-0O 

• 

2. 15*0-00 

2 . 2tZ4*(10 

• 

2 . 2000-08 

1 . 3*34*00 

• 

2.2500-08 

1 . 649d*00 

• 

2 . 2000-00 

1 . 377d*0O 

t  • 

2.3500-00 

1 . I 73d*O0 

*  t 

2.40OO-0O 

9 . 94  7d~0 1 

• 

2.4500-08 

8 . 5E0d-0 1 

m 

7.50*0-00 

7 . 4?7d-01 

2.5500-00 

6 . 549d-0 1 

2.8000-00 

5. 7S5d-0l 

7.55*0-00 

5 . 074d-0 l 

• 

2 . 70*0-00 

4 .4130-01 

2 . 750O-OO 

3. 829d-01 

• 

2 . 3*Ud-0U 

3 . 2E0d-0 1 

• 

2.05*0-00 

2.  792d-0l 

2  .  ***O-0U 

2 . 3£9d-01 

• 

2.5500-00 

1  . 9630-01 

* 

3.00*0-00 

1 . G70d-01 

• 

3.05*0-00 

1.3540-01 

• 

3. 1 000-08 

1 . 1530-91 

3.  15*0-00 

9.656d-02 

3.2*00-00 

7 . 973d-02 

3.25*0-00 

6 . 6O0d-02 

3. 3**0 -00 

5.4790-02 

3.35*0-00 

4 . 4C8d-02 

3  .  *no.j-0O 

3.7204-02 

3  .  '5*0-00 

3.0(64-02 

3 . 5**0-011 

2.3X64-02 

3.55*0-00 

2.0324-92 

3.60*0-00 

1.71 5  d - *  2 

3.05*0-00 

1 .41 3d-02 

3  .  7**0 -00 

1 . 1  £  Od-02 

3. 75*0-00 

9.52  7d-03 

3. 1**0  -00 

7. 0500-03 

3.05*0-00 

6.4560-03 

3 . 50*0-00 

5 . 302d -*3 

3.55*0-00 

4.4030-03 

4 .0*00-00 

3.5C0O-03 

Figure  C-48. 


SPICE  Plot  Section  3  Input  101  One 
Node  Precharge  with  Basic  Widths 


C-95 


\  .v 


•  WIDTH  OUT  =  30 

•  OPTIONS  ITL  1  =  500  ITL5=0 

•MODEL  NMOS  UIIOS  (VT0=1V  TOX=75NM  UO=400  NSUB=2.5E1S  LD=0.7UM> 

•  LEVEL  =  1 

•MODEL  PMOS  PM OS  <VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD=0.7UM> 

+LEVEL=1 

VDD  I  0  DC  5V 

Ml  1  3  2  0  NMOS  L  =  5 . 0U  W=10.0U 

M2  2  5  1  1  PMOS  L  =  5 . 0U  W=20.0U 

M3  1  7  6  1  PMOS  L  =5 . 0U  W=10.0U 

M4  1  9  3  1  PMOS  L=S.0U  W=10.0U 

M5  12  11  0  0  NMOS  L=5.0U  W=15.0U 
M6  12  7  6  0  NMOS  L=5.0U  W=15.0U 
M7  1  1 1  G  1  PMOS  L=5.0U  W=10.0U 
M3  14  13  0  0  NMOS  L=5.0U  W=15.0U 
M9  14  9  3  0  NMOS  L=3.0U  W=15.0U 
M 1 0  1  13  3  1  PMOS  L  =  5 . 0U  W=10.0U 
Mil  13  2  1  PMOS  L  =  5 . 0U  W=10.0U 
M 1 2  1G  15  0  0  NMOS  L=5.0U  W=15.0U 
M 1 3  1G  3  2  0  NMOS  L=S.0U  W=15.0U 
M 1 4  2  13  17  0  NMOS  L=5.0U  W=5.0U 
MIS  1  15  2  1  PilOS  L=5.0U  W=10.0U 
MIG  1  13  15  1  PMOS  L=S.0U  W=10.0U 
M 1 7  2  20  17  1  PMOS  L=5.0U  W=10.0U 
M13  0  G  13  0  NMOS  L  =  5 . 0U  W=15.0U 
M19  21  S  0  0  NMOS  L  =  5 . 0U  W= 1 5 . 0U 
M20  21  19  15  0  NMOS  L=5.0U  W=15.0U 
M2 1  1  G  13  I  FMOS  L  =  5.0U  W=30.0U 
M2 2  1  G  15  1  PMOS  L  =  5.0U  W=10.0U 
M2 3  0  3  19  0  NMOS  L=5.0U  W=15.0U 

M2 4  1  3  19  1  PMOS  L=5.0U  W=30.0U 

C25  100. 1230PF 
C26  G  0  0.316PF 

C27  9  9  0.232PF 

C  2  3  0  0  0 . 3  -!  0  P  F 

C  2  9  1  9  0  0 .  1  1  1  P  F 

C30  IS  9  0.120PF 

C 3 1  13  9  O.IUJPP 

C  3  2  2  0  0.23  P  F 
C  3  3  17  9  U .  1  P  F 
C  3  4  8  9  9.1  13  P F 

Vlili  9  9  P'JL 32  <0V  5V  5 NS  0MS  0NS  10NS) 

VP'  3  9  PULSE  .'.'V  S''  4 NS  0113  0HC  2N3> 

V,  ID,."  S  j  "  U  L  3  L  ;SV  U"  4  NS  933  0NS  2NS  ) 

VS 2 L  7  9  r  'JLSE  .  SV  '1”  .MS  9''3  '  i'S  l.'JNS) 

vc.sr  ::  a  .’ul.c  :.-9V  9"  011s  9"s  jus  1011s ) 

VP  NIC  :  3  0  PUL.'E  1  SV  W  0113  0113  VMS  20NS) 

VrMIOS/.R  29  9  PULSE  :0V  0V  alls  9 1 1 S  an  3  20NS) 

.  TP..LN  9.  SI!  Z  4  CMS 

•  PLOT  TRAM  '/«  2)  (0V.5V) 


J 


12/91/04  . . .  SPICE  2C.1  (15OCT80)  •*••••••  19  i  47  •.  50' 

CMOS/SOS  B1TSLICE  SECTION  3  PRECHARGED  AT  ONE  NODE  X*. 


«-•••  TRANSIENT  ANALYSIS  TEMPERATURE  •  27.000  DEG  C 


TIME  VI 2 ) 


X  0.  4*00  1.2504*00  2.5 004*00  3.7504*00  5.0004*00 


0.  4*00 

5.0004*00  . 

5.0004- 10 

5 . 000d*00  . 

l  .000.3-09 

5 . 0004*00  . 

1 .5004-09 

S.000d*00  . 

2.0004-09 

5 . 000d*00  . 

2.50OJ-09 

$.0084*00  . 

3.0003-09 

5 . 0004*00  . 

3.50O.J-09 

5.000d*80  . 

4.000.3-09 

5 . 000d*00  . 

4 .500.3-09 

5.0004*00  . 

5.0003-09 

5 . 000d  *80  . 

5.500-3-09 

5.0004*00  . 

6 . 000*3-09 

5.0004*80  . 

S.  500-3 -09 

5.0004*00  . 

7 .000J-09 

4.9994*00  . 

7 . 500d-09 

4.9594*00  . 

• 

8.000.J-09 

4.8104*00  . 

• 

8.5004-09 

4 . 57Od*00  . 

• 

9 .0004-09 

4 . 2?3d*00  . 

• 

9.500.3-09 

3.9854*00  . 

• 

1.0004-00 

3.6474*00  . 

• 

1.0504-08 

3 . 303d*00  . 

• 

1  .  1004-00 

2.9454*00  . 

• 

1  .  150J-0O 

2.5644*00  . 

,  * 

I  .  20O4-OU 

2 . 2234*00  . 

• 

1 .2504-00 

1.9054*00  . 

• 

1 . 3004-00 

1.5984*00  . 

• 

1 .3504-08 

1.3554*00  . 

t  • 

1 . 40O4-08 

1.1414*00  . 

•  _ 

1 .4504-00 

9.7534-01  . 

• 

1 .5004-00 

8.4574-01  . 

• 

1 .5504-08 

7.3294-01  . 

• 

1 .6004-00 

6 • 4644-01  . 

• 

1 .0504-00 

5.7084-01  . 

• 

i  .  7004-00 

5 . 0624-0 i  . 

• 

1  .  7504-00 

4 . 75*54-01  . 

• 

l  .cun.j-oo 

4.9144-01  . 

• 

1  .  O5OJ-0O 

5.6264-01  . 

• 

1  .'>004-00 

7.4274-01  . 

• 

1  .95*14  -HU 

9.6/34-01  . 

• 

2.  t'0i»4-O8 

1.2634*80  . 

♦ 

2 . 05Od-UO 

1.5774*00  . 

• 

2. 1004-00 

1.9084*00  . 

* 

2 . 1504-00 

2.224 4*00  . 

• 

2.2004-00 

2.5424*00  • 

* 

2.2504-00 

2.02 14*00  . 

• 

2 . 3004-00 

3.0744*00  . 

• 

2 . 3504 -OQ 

3.2964*00  . 

• 

2. 4004-fO 

3.4794*00  . 

• 

2 . 4504-08 

3.6424*00  . 

• . 

2.5004-00 

3.7604*00  . 

• 

2 . 5504-80 

3.0614*00  . 

.  • 

;•  .COr.J-00 

3.9634*00  . 

* 

G5'*.|-0n 

4.0744*00  . 

• 

2 . 7004-00 

4  .  1  6  l  d  *  0  0  • 

m 

3  .  7 -00 

4.2424*00  . 

* 

2 . O0O4-0G 

4.3184*00  . 

• 

2 . 0504-00 

-1.3914*00  . 

• 

2 . 9'Mi.l-On 

4.4564*00  . 

• 

2.9504-00 

4.5174*00  . 

• 

3 .01*04-00 

4.5734*00  • 

• 

3.0504-00 

4.62  2d*00  . 

• 

3. 1004-00 

4.6674*00  . 

• 

3  .  15U.J-0O 

4.7074*00  . 

* 

3.2OO4-0O 

4 . 7 4  2d ♦ 00  . 

• 

3. 2504-08 

4.7744*60  . 

• 

3 . 3004-00 

4 . 802d  *O0  . 

* 

3 . 35O4-0O 

4 . 02  6d*00  . 

* 

3. ‘004-00 

4 . 04  9d*U0  . 

• 

3 . 450.3-00 

4.0674*00  . 

3 . 5IM1.J-00 

4 . 86  4d  *  00  . 

3 . 5504-00 

4.0994*00  . 

3  .  ( 004-00 

4.911(1*00  . 

3.GVM-0O 

4.923d*«0  . 

3.  70U4-0O 

4.9124*00  . 

3 . 7504-00 

4.9414*00  . 

3.0044-00 

4.9494*00  . 

3  .  C ",04 -Oil 

4 . 95  5d*flO  . 

3 . 9004-00 

4 . 96  Id *00  . 

3 . 9504-00 

4 . 96  Gd ♦ 00  . 

4 . 0004-00 

4.9/04*00  . 

Figure  C-49.  SPICE  Plot  Section  3  Input  010  One 
Node  Precharge  with  Widths  x2. 


j  »*•*»**  l2/.gr: /3a 


SPICE  2G . 


<  1  50CT3JCT )  «*******i9.47.j0f7**** 


0  CMOS/SOS  EIT3LICE  SECTION  3  PRECHARGED  AT  ONE  NODE 

3**»*  INPUT  LISTING  TEMPERATURE  =  27.000  OEG 


0*? 


:  ******rAi 


.WIDTH  OUT  =  80 

.OPTIONS  I TL 1=300  ITL5=0 

.MODEL  NM03  MHOS  <VT0=1V  TOX=75NM  UO=A00  NSUB=2.5E1G  LD=0.7UM) 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD=0.7UM) 

♦  LEVEL  =  1 
VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L=5.0U  W=10.0U 

M2  2  5  1  1  PMOS  L=5.0U  W=20.0U 

M3  1  7  G  1  PMOS  L  =  5 . 0U  W=10.0U 

M4  1  9  3  1  PMOS  L=S.0U  W=10.0U 

MS  12  11  0  0  NMOS  L=S.0U  W=15.0U 
M6  12  7  6  0  NMOS.  L  =  S.0U  W=15.0U 
M7  1  11  6  1  PMOS  L  =5 . 0U  W=10.0U 
MS  14  13  0  0  MHOS  L  =  5 . 0U  W=15.0U 
M3  14  3  3  0  NiiOS  L  =  S.0U  W=15.0U 
M 10  1  13  C  1  PMOS  L=S.0U  W=10.0U 
Mil  13  2  1  PIIOS  L  =  5 . 0U  W=10.0U 
M 1 2  IS  15  0  0  NMOS  L  =  5 . 0U  W=15.0U 
Ml  3  1G  3  2  0  NiiOS  L  =  5 . 0U  W=15.0U 
M 1 4  2  13  17  0  NMOS  L-5.0U  W  =  5.0U 
Ml  5  1  15  2  1  PMOS  L  =  5.0U  W=10.0U 
MIG  I  13  15  1  PMOS  L  =  5 . 0U  W=10.0U 
M 1 7  2  20  17  1  PMOS  L=5.0U  W=10.0U 
Ml  3  0  o  13  0  NMOS  L  =5 . 0U  W=15.0U 
Ml  3  21  G  0  0  NMOS  L  =  5 . 0U  W=15..0U 
M20  21  13  15  0  MHOS  L=5.0U  W=1S.0U 
M2 1  1  3  13  1  PMOS  L - 5 . 0U  W-30.0U 

M22  1  3  15  1  PiiOS  L=G.0U  W=10.0U 

M23  0  3  13  0  NMOS  L=5.0U  W=15.0U 

M2 4  1  3  13  1  PiiOS  L-S.0U  W-30.0U 

C25  1  0  0.I230PP 
C25  G  9  0.31  GPP 
C27  9  0  0.232PF 
C2C  0  !  0 . 3 •' 0P E 
C23  19  0  0. 1 1 1PF 
C  20  15  1  U.  I  20 P  F 
C31  13  0  9.103PP 
C  3 l  2  9  0.2  3 4  ?  7 
c  3  3  17  u  0 . 1 1’ 

C3  4  3  ff.UL.'P 

VIM!  3  9  PULLS  { SV  0V  5NS  0NS  0NS  10NS) 
vr  :  :  .1  PULSE  .  0V  50  4 US  0IIS  0IIS  2NS  > 

'■n-iZ.  ••  5  9  PULSE  15V  0V  4 1  IS  0113  0HS  2NS ) 

VSEL  7  9  PULSE  15V  5V  .9 NS  0MS  0NS  10113  ) 

VC. IP  11  0  PULSE  10V  0V  0NS  01  IS  0NS  UNIS) 

VPHI2  .3  0  PULSE  ;  SV  57  WHS  0113  0HS  20IIS ) 

V!’ I!  i  .13,45  20  0  PULSE  ;  0V  0V  0NS  WHS  WHS  20NS ) 

.  rr.\:.  .» .  Git  >  40:15 
.I’Ll'  T9  AN  V  1  2  )  (0V.5V) 

.  EN-: 


C-98 


.WIDTH  OUT=80 

.OPTIONS  ITL1=300  ITL5=0 

. MODEL  NMOS  NMOS  (VT0=1V  TOX=75NM  UO=400  NSU8=2.5E16  LD=0.7UM> 
♦LEVEL  =  1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  110  =  200  NSUB=3E15  LD=0.7UM> 

+LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L  =  5.0U  W=15.0U 

M2  2  5  1  1  PMOS  L=5.0U  W=30.0U 

M3  1  7  6  1  PMOS  L=S.0U  W=10.0U 

M4  1  9  3  1  PMOS  L=S.0U  W=10.0U 

MS  12  110  0  NIIOS  L=5.0U  W=15.0U 
MS  12  7  6  0  NMOS  L=5.0U  W=15.0U 
M7  1  11  G  1  PMOS  L=G.0U  W=10.0U 
MS  14.  13  0  3  NMOS  L=5.0U  W=1S.0U 
M9  14  930  NMOS  L=5.0U  W=15.0U 
M 10  1  13  3  1  PUDS  L  =  5 . 0U  W=10.0U 
Mil  1  3  2  1  PMOS  L=5.0U  W=10.0U 
M 1 2  16  15  0  0  NMOS  L  =  5 . 0U  U=15.0U 
M 1 3  16  3  2  0  NMOS  L  =  5.0U  W=15.0U 
Ml  4  2  13  17  0  NMOS  L=5.0U  W=5.0U 
M 1 5  1  IS  2  1  PMOS  L=S.0U  W=10.0U 
MIG  1  19  13  1  PMOS  L=3.0U  W=10..0U 

M 1 7  2  20  17  1  PMOS  1  =  5 .011  W=10.0U 

MIC  0  3  13  0  Ni-iOS  1  =  5. 0LI  W=15.0U 
MI  9  21  5  0  0  NMOS  L  =  5.0U  W=15.0U 
M20  21  19  15  0  NMOS  L=5.0U  W=15.0U 
M2 1  1  S  13  1  PMOS  1  =  5. 0U  W»30.0U 

1-122  I  ;  15  1  PMOS  L  =  5 . 0U  W=!0.0U 

M2 3  0  9  19  0  NMOS  L  =  5.0U  W=15.0U 

M2 4  1  7  19  1  PMOS  L  =  5 . 0  U  W  =  30.0IJ 

C25  1  0  0.1230PF 
C2S  6  0  0.316PF 
C27  9  0  0.232PF 
C2C  0  0  0.9'’0P  F 
C29  19  0  0. Ill PF 

C30  15  J  0.120PF 

C31  13  0  0. 103PF 

C32  2  0  0.234PF 
C33  17  0  0. 1PF 
C34  3  0  0. 1 19PF 

Villi  9  0  P :JL3  2  (0V  5V  5NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  i.OV  5V  4 NS  0N5  0HS  2NS  ) 

VP1BA7.  5  0  PULSE:  ( 5V  0V  4NS  0ilS  0N3  2NS  ) 

VSEL  7  0  PULSE  (  5V  5V  0NS  0NS  ONS  10NS) 

VCP.P.  11  0  PULSE  !0V  0V  .014 S  .0113  :JNS  10NS) 

vrms  :c  0  pulse:  ;sv  5"  0ns  011s  0MS  20ns> 

VPHI2B/.R  2.0  0  PULSE  10V  0V  0113  0MS  0N3  20NS  > 

.  TP.AN  0.51’S  40NS 

•  PLOT  THAN  V  (  2  )  (0V.5V) 

•  END 


C-100 


I 
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12/41/84  *•••••••  SP  ICE  2C.I  U5OCT80) 

0  CMOS/SOS  BJTSL1CE  SECTION  3  PRECHANGED  AT  ONE  NODE 

•*•*•  TRANSIENT  ANALYSIS  TEMPERATURE  •  27.00*  DEG  C 


X 

TIME  VI 2  > 


X 


0.  d+00  1 . 2504*00  2. 600d*00  3.750d*00  6.0000*00 


0.  d*00 

5.0004*00  . 

5.00*0-10 

8.0004*00  . 

1 .0000-09 

5.*0*d«0*  . 

1.5000-09 

5.00*4*00  . 

2.00*0-09 

5.0004*00  . 

2.50*0-09 

5.00*4*00  . 

3.00*0-09 

5.0004*00  . 

3.5000-09 

5.00*4*00  . 

4.0000-09 

5 .0004*00  . 

4.5000-09 

5.0004*00  . 

S. 00*0-09 

5.0004*00  . 

5.5000-09 

5.0004*00  . 

6.0000-09 

6.0004*00  . 

6.5000-09 

5.0004*00  . 

7.0000-09 

4.9994*00  . 

7.5000-09 

4.9584*00  . 

0.0000-09 

4.8104*00  . 

1.5000-09 

4.5784*00  . 

9.0000-09 

4.2934*00  . 

9.5000-09 

3.9654*00  . 

1.0000-08 

3.6474*00  . 

1.0500-08 

3.3034*00  . 

I . 1000-08 

2.9454*00  . 

1.1500-00 

2.5644*00  . 

1.2000-08 

2.2334*00  . 

1.2500-00 

1.9054*00  . 

1.3000-00 

1.5984*00  . 

1.3500-08 

1.3564*00  . 

.  • 

1  . 4080-00 

1.1414*00  . 

•  _ 

1.4500-08 

9.7534-01  . 

• 

1.5000-08 

8.4574-01  . 

* 

1.5500-00 

7.3294-01  . 

• 

1.6000-08 

6.4644-01  . 

• 

1.65O0-08 

5.7084-01  . 

• 

1.7000-00 

5.0624-01  . 

• 

1.7580-00 

4.7954-01  . 

• 

1 .0000-00 

4.9144-01  . 

• 

1.8500-08 

5.6264-01  . 

• 

1 .9090-08 

7.4274-01  . 

• 

1.9500-08 

9.6734-01  . 

• 

2.0000-00 

1.2634*00  . 

• 

2.0500-00 

1.5774*00  . 

2.1000-08 

1.9084*00  . 

2.15O0-08 

2.234 4*00  . 

2.20O0-0O 

2.5424*00  . 

2.2500-00 

2.8214*00  . 

2.3000-00 

3.0744*00  . 

2.3500-08 

3.2964*00  . 

2 . 4000-00 

3.479 4*00  . 

2.4500-08 

3.6424*00  . 

2.5000-08 

3.7684*00  . 

2.5500-00 

3.8614*00  . 

2. 6000-00 

3.9634*00  . 

2.6500-00 

4.074 4*00  . 

2.7000-08 

4.1614*00  . 

2.75O0-08 

4.2424*00  . 

2.0000-00 

4.3184*00  . 

2 . 0500-08 

4.3914*00  . 

2.9000-08 

4 . 4564*00  . 

2.9500-08 

4.517 4*00  . 

3.0000-08 

4.5734*00  . 

3.0500-08 

4.6224*00  . 

3.1080-00 

4 . 667d*O0  . 

3.1500-08 

4.707 4*00  . 

3.2000-08 

4.7424*00  . 

3.2500-08 

4.7744*00  . 

3.3080-08 

4.8 024*00  . 

3.3500-08 

4.8264*00  . 

3 . 4O0d-08 

4.8494*00  . 

3.4500-08 

4.8674*00  . 

3.5OOJ-08 

4.8644*00  . 

3 . S5O0-88 

4.8994*00  . 

3.6000-00 

4.911 4*00  . 

3.6500-88 

4.9234*00  . 

3.7000-00 

4.9324*00  . 

3.7500-00 

4.94 14*00  . 

3 . COO0-OO 

4.9494*00  . 

3.C5O0-0O 

4.9554*00  . 

3.3000-00 

4.9614*00  . 

3.95OJ-00 

4.9664*0 0  . 

4.0090-00 

4.97 04*00  . 

Figure  C-51. 


SPICE  Plot  Section  3  Input  010  One 
Node  Precharge  with  Widths  x3. 


i*«**’"**i2/ari/84 


SPICE  2G.1  (15OCT30) 


19:48:24***** 


0  CMOS/SOS  B1TSLICE  SECTION  3  PRECHARGED  AT  ONE  NODE 

0****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITL5-0 

. MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2 .  5E1 S  LD-0.7UM) 
+  LEVEL-  1 

.MODEL  PMOS  PMOS  <VT0=-1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

+LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-15.0U 

M2  2  5  1  1  PMOS  L-5.0U  W-30.0U 

M3  1  7  6  1  PMOS  L-5.0U  W-10.0U 

M4  1  9  3  1  PMOS  L-5.0U  W-10.0U 

M5  12  11  0  0  NMOS  L-5.0U  U-15.0U 
M6  12  7  6  0  NMOS  L-5.0U  W-15.0U 
M7  1  1161  PMOS  L-5.0U  W-10.0U 
M3  14  13  0  0  NMOS  L-5.0U  V-15.0U 
M9  14  9  3  0  NMOS  L-5.0U  W-15.0U 
M10  1  13  3  1  PMOS  L=5.0U  W-10.0U 
Mil  1  3  2  1  PMOS  L-G.0U  W-10.0U 
M 1 2  16  15  3  0  NMOS  L=5.0U  W-15.0U 
M13  16  3  2  0  NMOS  L=5.0U  W-15.0U 
M 1 4  2  13  17  0  NMOS  L-5.0U  W=5.0U 
M 1 5  1  15  2  1  PMOS  L  =  G.0U  W-10.0U 
Ml  6  1  19  15  1  PMOS  L-5.0U  W-10.0U 
M 1 7  2  20  17  1  PMOS  L=5.0U  W-10.0U 
M 1 3  0  C  13  0  NMOS  L  =  5 . 0U  W-15.0U 
M ! 9  21  6  0  ff  NMOS  L=5.0U  W-15.0U 
M20  21  19  15  0  NMOS  L-5.0U  W-15.0U 
M21  1  6  13  i  PMOS  L-5.0U  W-30.0U 

M2 2  1  6  15  1  PMOS  L=5.0U  W-10.0U 

M2 3  0  9  19  0  NMOS  L=5.0U  W-15.0U 

M2 4  1  9  19  1  PMOS  L  =  5 . 0U  W-30.0U 

C25  100. 1230PF 
C26  6  0  0.316PF 
C27  9  0  0.232PF 
C28  0  0  0.940PF 
C29  19  0  0. 1 1 1PF 
C30  1500. 120PF 
C31  13  a  0. 103PF 
C32  2  0  0.234PF 
C32  17  0  0. 1PF 
C34  390. 1 19PF 

Villi  9  9  PULSE  15V  0V  5NS  0NS  0NS  10NS) 

VP1  3  9  PULSE  :0V  5V  4IIS  01-13  011 S  2NS ) 

VPIE^P.  5  0  PULSE  CSV  0V  4N3  0NS  0NS  2NS ) 

V3EL  7  0  PULSE  ( 5V  5V  0MS  0NS  0NS  10NS ) 

VCAP.  11  0  PULSE  (0V  9V  0NS  0IIS  0NS  10NS> 

VPHI2  13  0  PULSE  !5V  5V  0NS  01  IS  0NS  20NS ) 

VP II : 2 CAP.  20  0  PULSE  I0V  0V  0NS  0113  0NS  20NS ) 

.TP.,;:;  9.5NS  40iis 
.  P  LO~  TRA1I  V  <  2  )  (0V.5V) 

.E1I0 


0102 


SPICE  2C.I  (ISOCTSt) 


CMOS/SOS  BITSLICE  SECTION  3  PRECHARGED  AT  ONE  NODE  *1 


TRANSIENT  ANALYSIS 


TEMPERATURE 


27. 000  DEG  C 


3.7S«d»fl  5.0004*90 


9.  4*99 

2.2S9d-07 

S . 9994  - 1 9 

2 . 259d-07 

1 .9994-99 

2 . 2£9d-07 

1.5094-99 

2.259d-f7 

2.9994-93 

2 . 259d-07 

2.500*3-09 

2.259d-07 

3.9094-99 

2 . 259d-07 

3.5094-99 

2.259d-07 

4.9094-09 

2 . 259d-07 

4.5004-09 

5 . 4 I 4d-0 I 

5.9094-99 

1 . 6P5d*00 

5.5004-09 

2 . 34 1 d+00 

6.0004-99 

2 . 8254*09 

6.5004-09 

3.2224*00 

7.9094-09 

3.0*94*09 

7.5004-99 

2.764d*00 

8 .9094-99 

2 . 722d^00 

9.5094-99 

2 . 822d*00 

9.909 4-99 

3 .01 9d+00 

9 . 5004-99 

3.222d*00 

1 .0004-09 

3.4|4d«00 

1.9504-09 

3 . $90d+00 

1 . 1004-09 

3 . 737d*00 

I . 1500-00 

3 . 864d+00 

1 .2094-90 

3.9754*90 

1.2594-09 

4.0764*00 

1.3004-09 

4.1704*90 

1.3504-00 

4.2534*00 

1.4004-09 

4.3224*00 

1.4504-00 

4.4044*00 

1  .500.3-00 

4.4694*00 

1  .550,1-00 

4.5204*90 

1 .0094-00 

4.5644*90 

1.0 594-00 

4.6 334*09 

1  .  700*3-00 

4.6714*00 

1  .  750*3-00 

4.6974*00 

1  .C00-J-08 

4.6744*00 

1  .850*3-08 

4.5204*09 

1 .000,3-00 

4.295 4*00 

I  .950.3-00 

4.0904*00 

2 .0004-00 

3.6644*00 

2.050*3-08 

3.3464*00 

2. 100.3-00 

2.9934*90 

2 . I 504-00 

2.6234*00 

2.2004-00 

2.2614*00 

2.2594-00 

1.9504*00 

2.3004-00 

1 .637d*00 

2.3504-00 

} . 380d*00 

2.4004-00 

1 . 188d*00 

2.50*4-00 

8.6?0d-0I 

2.5504-90 

7.467d-01 

0004-00 

5.59 !d-81 

2.6594-00 

5 . 797d-0 1 

2.700*3-00 

5 .078d-0 1 

2. 750*3-08 

4 . 44 ld-01 

2 . O00d-08 

3 . 838d-0l 

2 . 050*3-08 

3 . 292d-0l 

2 . 9OO.J-0O 

2.01 2d-01 

2 . 950J-0O 

2 . 3fc0d-01 

3.080.3-00 

2.0024-01 

3. 05OJ-0O 

I .678d-0l 

3 . 1  00*3-08 

1 .392d-fl 

3. 150*3-00 

i . ieod-0i 

3.200J-0O 

9.6* Gd-02 

3 . 25^*3-00 

8.01 4d-02 

3.2004-00 

6 . 6C ld-02 

3.2504-00 

5.4€3d-02 

3. 400.3-00 

4 . 54  4d-02 

3.45O.J-0O 

3. 749d-02 

3.500*3-00 

3.0(9d-«»2 

3.550.3-00 

2.553d-02 

3 .  C0n*J-0O 

2. 0944-02 

3 .  C50-J-0O 

1 . 725d-02 

3 . 70M.J-0O 

1 . 426d-02 

3. 75H.J-0O 

1 . 1 C  4d-U2 

3 . 800*3-08 

9 . 649d-03 

3.C5OJ-0G 

7 . 927d-03 

3.3O0I-0O 

6.4604-93 

3 . 950*3-00 

5.3624-03 

4 .000.3-08 

4.3764-03 

Figure  C-52. 


SPICE  Plot  Section  3  Input  101  One 
Node  Precharge  with  Widths  x3. 


C-103 


C-104 


1 


12/01/84  ********  SPICE  2G.1  <15OCT80>  ********19:42:58***** 

CMOS/SOS  PRECHARGED  BITSLICE  SECTION  3  TRANSIENT  ANALYSIS 


0 

0***»  INPUT  LISTING  TEMPERATURE  *  27.000  DEG  C 

0***« ****************************************************************** 


.WIDTH  OUT-80 

.OPTIONS  I TL 1-300  ITL5-0 

•MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO-400  NSUB-2.5E1S  LD-0.7UM) 
♦LEVEL-1 

•  MODEL  PM03  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E 1 5  LD-0.7UM) 

♦LEVEL-1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L-5.0U  W-5.0U 
M2  1  3  S  0  NMOS  L-5.0U  W-S.0U 
M3  1  3  6  0  NMOS  L-5.0U  W=5.0U 
M4  1  3  7  0  NMOS  L-S.0U  W-5.0U 
M5  2  8  1  1  PMOS  L-5.0U  W-10.0U 
M6  S  8  1  1  PMOS  L-5.0U  W-10.0U 
M7  6  8  1  1  PMOS  L-5.0U  W-10.0U 
M8  7  8  1  1  PMOS  L-5.0U  W-10.0U 
M9  1  9  6  1  PMOS  L-5.0U  W-10.0U 
M10  1  11  10  1  PMOS  L-5.0U  W-10.0U 
Mil  14  13  0  0  NMOS  L-5.0U  W-15.0U 
Ml  2  14  9  6  0  NMOS  L-5.0U  W- 1 S . 0U 
M 1 3  1  13  6  1  PMOS  L-5.0U  W-10.0U 
M 1 4  IS  5  0  0  NMOS  L-5.0U  W-15.0U 
MIS  15  11  10  0  NMOS  L-S.0U  W-15.0U 
M 1 6  1  5  10  1  PMOS  L-5.0U  W-10.0U 
Ml  7  1  10  2  1  PMOS  L  =  5 . 0U  W-10.0U 
M 1 3  17  16  0  0  NMOS  L-5.0U  W-15.0U 
Ml  9  17  10  2  0  NMOS  L=5.0U  W-15.0U 
M20  2  19  13  0  NMOS  L-5.0U  W-5.0U 
M2 1  1  16  2  1  PMOS  L-5.0U  W-10.0U 
M22  1  7  16  1  PMOS  L-5.0U  W-10.0U 
M23  2  20  13  1  PMOS  L-5.0U  W-10.0U 
M24  0650  NMOS  L-5.0U  W-15.0U 
M25  21  6  0  0  NMOS  L-5.0U  W-15.0U 
M26  21  7  1G  0  NMOS  L-5.0U  W-15.0U 
M27  1651  PMOS  L-5.0U  W-30.0U 
M23  1  6  16  1  PMOS  L=5.0U  W-10.0U 
M29  01170  NMOS  L-5.0U  W-15.0U 
M30  11171  PMOS  L=5.0U  W-30.0U 
C31  1  0  0. 1416PF 
C32  6  0  0. 433PF 
C33  7  0  0.359PF 
C34  11  0  0.232PF 
C35  0  0  0.940PF 
C36  1600. 120PF 
C37  5  0  0.26GPF 
C33  2  0  0.234PF 
C39  IS  0  0. 1PF 
C40  10  0  0. 1  l  S3  P  F 
C41  3  0  0.30PF 

VI N 1  11  0  PULSE  (0V  5 V  5NS  0NS  0NS  10NS) 

VCAP.  9  0  PULSE  <0V  07  0NS  0MS  0NS  I0NS) 

VSEL  13  0  PULSE  ( 5V  5V  0NS  0N3  0NS  10NS) 

VP1  3  0  PULSE  I0V  SV  4 NS  0NS  0NS  2NS ) 

VP  1  BAR  3  0  PULSE:  !5V  0V  4NS  0NS  0NS  2NS  ) 

VP H 1 2  19  0  PULSE  (0V  5'.'  5NS  0HS  0NS  20NS ) 

VPHIZLAR  2.0  0  PULSE  !  5V  0V  5NS  0NS  0NS  20NS) 

.TRAN  0.5NS  40NS 
.PLOT  TRAN  V ( 2 )  (0V.5V) 

.END 


C-106 


1 


12/01/04  •«•••••  SP  ICE  26.  1  < 15OCT001  ••••••••  1 5 1 42 . 5«*  —  * 

CMOS/SOS  PRECHARGED  51TSLICE  SECTION  3  TRANSIENT  ANALYSIS  *1 


«•••*  TRANSIENT  ANALYSIS  TEMPERATURE  ■  27.999  DEG  C 


TIME  VI 2  > 


X  9.  4*09  1.2999*99  2.9999*99  3.75 99*99  9.9999*99 


9.  4*99 

5 . 9994*09  . 

9. 9994-19 

5.9004*99  . 

I .9994-99 

5.9094*99  . 

1 . 5000-09 

5.9094*99  . 

2.9994-99 

5 . 9004*00  . 

2.9994-99 

5 . 9004*90  . 

9.9994-99 

5 .9094*90  . 

3. $094-99 

5.9094*00  . 

4.9994-99 

5 .9004*99  . 

4.5994-99 

5.0094*00  . 

5.9094-09 

5.9094*00  . 

5.5 094-09 

4.9054*09  . 

•  # 

5.0094-99 

4.724 4*00  . 

• 

6.5094-99 

4.6694*00  . 

• 

7 .0094-99 

4.6454*00  . 

• 

7.5094-99 

4.6394*09  . 

• 

9.9094-99 

4.6504*99  . 

9.5094-09 

4.6694*09  . 

9.9094-99 

4.6744*90  . 

• 

9.5094-99 

4.6254*00  . 

• 

1.9004-99 

4.504 4*99  . 

• 

1 .9504-09 

4.3004*90  . 

• 

I  .  1094-99 

4.917 4*09  . 

• 

I . 1500-08 

3.6994*09  . 

* . 

i  . 2094-99 

3.341 4*00  . 

• 

I  .2500-88 

3.01 30*00  . 

• 

1.2094-99 

2 . 6580*00  . 

• 

1.2594-99 

2.3090*00  . 

• 

1  .  40OO-08 

I.973d*00  . 

• 

1 .45*4-08 

1 . 84 50*00  . 

• 

1  .S00d-0O 

1. 4070*00  . 

• 

1 .$504-08 

1.1740*00  . 

• . 

1.6000-00 

1 .0020*00  . 

* 

1 . 6500-08 

B . 64  70-0 1  . 

• 

1.7000-08 

7.5450-01  . 

• 

1 .758d-08 

6.7180-01  . 

• 

l  .COCO-08 

5.9650-01  . 

• 

1 .CSOd-08 

5.3700-01  . 

* 

1  .9U0O-0B 

5.0440-01  . 

• 

1 .9504-08 

4.9340-01  . 

• 

2.0000-08 

5.6410-01  . 

• 

2.0500-08 

7.0110-01  . 

* 

2. 1000-08 

8. 9920-01  . 

• 

2 . 1 504-99 

1.1610*00  . 

• . 

2.2004-09 

1 .4620*00  . 

• 

2.2594-00 

1.8070*00  . 

* 

2.2094-00 

2.1240*00  . 

• 

2.3504-90 

2.4490*00  . 

•  p 

2.4004-99 

2.7420*00  . 

* 

2 . 4594-09 

2.9960*00  . 

• 

2.5004-09 

3 . 2210*00  . 

• 

2.5594-09 

3.4240*00  . 

2.6004-09 

3.6790*00  . 

2.6594-09 

3.9010*00  . 

2.7094-09 

4.0680*00  . 

2.7504-00 

4.2490*00  . 

• 

2.8004-09 

4.3900*00  . 

• 

2 . 650d-00 

4.4980*00  . 

• 

2.0004-00 

4.5940*00  . 

2.0594-99 

4.6710*00  . 

• 

3. 0094-90 

4.7230*00  . 

• 

2.0504-09 

4.7660*00  . 

• 

3.  IO0J-0O 

4.8260*00  . 

• 

3 .  1500-08 

4.8600*00  . 

* 

3 . 2000-00 

4.8680*00  . 

3.2500-08 

4.9090*00  . 

3 . 3000-08 

4.9270*00  . 

• 

3 . 3000-00 

4.9420*00  . 

3.4000-00 

4.9530*00  . 

3 . 4 SIM  - 00 

4.9630*00  . 

3.5000-00 

4.9700*00  . 

3 .5504-00 

4.9760*00  . 

2.6094-00 

4.9610*00  . 

2.6504-09 

4.9640*00  . 

3 . 7000-00 

4.9680*00  . 

3.7500-00 

4 . 990d*00  . 

3. 0000-00 

4.9920*00  . 

3 . 0500-08 

4.9940*00  . 

3.900O-OO 

4.9950*00  . 

3.9500-00 

4.9960*00  . 

4.0000-00 

4.9970*00  . 

Figure  C-55.  SPICE  Plot  Section  3  Input  010  Four 
Node  Precharge  with  Basic  Widths. 


l******-*i2/, '71/34  ********  SPICE  2G.1  (15OCT80)  »**»«*** i 9 : 43 : 27****» 

0  CMOS/COS  PR ECHARGED  BITSLICE  SECTION  3  TRANSIENT  ANALYSIS 

0****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

jJ********* ********* Art************************************************** 


-WIDTH  OUT=30 

.OPTIONS  ITL 1 =500  ITL5-0 

.MODEL  NMOS  IIIIOS  (V~0=iV  TOX=?5NM  UO  =  400  NSUB*2.5E16  LD=0.7UM) 
+LEVEL= I 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO=200  NSUB»3E15  LD=0.7UM> 

+LEVEL-1 

VDD  I  0  DC  5V 

Ml  1  3  2  0  NMOS  L *5 . 0U  W»5.0U 
M2  1  3  5  0  NMOS  L=5.0U  W=5.0U 
M3  1  3  6  0  NMOS  L=5.0U  W=5.0U 
M4  1  3  7  0  NMOS  L=5.0U  W=5.0U 
M5  2  8  1  1  PMOS  L-S.0U  W-10.0U 
M6  5  8  1  1  PMOS  L*S.0U  W*10.0U 
M7  6  8  1  1  PMOS  L*5.0U  W-10.0U 
M8  7  8  1  1  PMOS  L-5.0U  W*10.0U 
M9  1  9  6  1  PMOS  L-5.0U  W-10.0U 
M 1 0  1  11  10  1  PMOS  L=5.0U  W-10.0U 
Mil  14  13  0  0  NMOS  L  =  5 . 0U  W-15.0U 
M 1 2  14  9  6  0  NMOS  L=5.0U  W=15.0U 
M 1 3  1  13  G  1  PMOS  L  =  5 . 0U  W-10.0U 
Ml  4  15  5  0  0  NMOS  L  =  5.0U  W=15.0U 
M 1 5  15  11  10  0  NMOS  L  =  5 . 0U  W-15.0U 
MIG  1  5  10  1  PMOS  L=S.0U  W-10.0U 

M 1 7  1  10  2  1  PMOS  L  =  5 . 0U  W=10.0U 

Ml  3  17  16  0  0  NMOS  L=5.0U  W=15.0U 

M 1 9  17  10  2  0  NMOS  L  =  5.0U  W=15.0U 

M20  2  19  13  0  NMOS  L=5.0U  W=5.0U 

M2 1  1  16  2  1  PMOS  L  =  5.0U  W=10.0U 

M22  1  7  1G  1  PMOS  L=5.0U  W=10.0U 

M23  2  20  18  1  PMOS  L-5.0U  W-10.0U 
M2  4  0  5  5  .7  NMOS  L-5.0U  W»  1 5 . 0U 
M25  21  6  00  NMOS  L=5.0U  W=15.0U 
M2G  21  7  1G  0  NMOS  L=5.0U  Y-15.0U 
M27  1651  PMOS  L-5.0U  W-30.0U 
M23  1  G  16  1  PMOS  L=5.0U  W-10.0U 
M29  0  11  7  0  NMOS  L  =  5 . 0U  W-15.0U 

M30  1  11  7  i  Pi-103  L  =  5.0U  W=30.0U 

C31  10  0. 1 4 1  CPF 
C32  G  0  0. 433PP 
C33  7  0  0.359PP 
C34  11  0  0.232PF 
C35  0  0  0.940PF 
C36  1600. 120PF 
C37  5  0  0.2G6PF 
C33  2  0  0.234PF 
C39  13  0  0. 1PF 
C 40  10  9  0.1 19PF 
C 4 1  3  0  0.35PF 

VI III  11  0  PULSE  !5V  0V  5NS  0NS  .0NS  10NS) 

VCAP.  9  0  PULSE  <0V  0Y  0NS  0H3  0NS  I0NS> 

VSEL  13  0  PULSE  ( 5V  5V  0NS  0MS  0NS  10NS) 

VP1  3  0  PULSE  :0V  5 V  4 NS  0NS  0NS  2NS ) 

VP  1  SAP.  3  0  PULSE  !5V  0V  4 NS  0NS  0NS  2 NS) 

VP H 1 2  19  0  PULSE  10V  57  5 NS  7113  0NS  20NS ) 

VPH 1 2 BAR  2.7  0  PULSE  :5V  0V  5NS  0NS  0NS  20NS ) 

.TRAN  0.5NS  40NS 
.PLOT  TRAN  V ( 2 )  (0V.5V) 

.END 
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!••••• ••12/01/ 84  ****••*•  SPICE  2C.I  (15OCT80)  •*••*•*• i 9 i 43 i 27**»*« 

0  CMOS/SOS  PRECHARGEO  8ITSLICE  SECTION  3  TRANSIENT  ANALYSIS  *1 

«••**  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  DEC  C 

0*  *•**••"*■'**•-•*"••••■***•••***•***•**•*•••  •*•••••••••••*••*•*.•*•.... 

X 


TIME  V(2> 


0.  4*00 

1 .2504*00 

2 . 5004*00 

3.7504*00  5.0004 

0.  d*00 

1 .807d-07  • 

5.000J-10 

I.807d-O7  • 

1 .000J-09 

1 .807d-07  • 

1 . 500J-09 

1 . 0074-07  • 

2.000d-09 

l.O07d-07  * 

2 . 500J-09 

l.O07d-07  • 

3. 000J-09 

1.8074-07  - 

3 . 500J-09 

l.O07d-07  ■ 

4 . 000J-09 

1 . O07d“07  • 

4 .S00J-09 

2.1064-01  -  * 

5.0004-09 

7 . 4E7d-01  . 

* 

5.5004-09 

1 . 0604*00  . 

• 

6.000d-09 

1.3704*00  . 

_  • 

6.500d-f9 

1  - 5534*00  . 

• 

7 .000d-O9 

1 . 3644*00  . 

• 

7.5004-09 

1.1724*00  • 

•  # 

8 .000  1-09 

1 . 0554*00  . 

•  . 

B. 5001-09 

1.0594*00  . 

• 

9 . 000d-09 

1 . 1604*00  . 

• , 

9 . 500d-09 

I .3724*00  . 

_  • 

1 .000-1-08 

1 . 6564*00  . 

• 

1  . 0500-00 

I .9774*00  . 

* 

I  .  1 00d-08 

2.3114*00  • 

• 

I  .  1504-00 

2 . 6384*00  . 

4  • 

1  .  200d-06 

2.9134*00  . 

• 

1 .250d-0G 

3 . 1574*00  . 

• 

1  .  3O0d-0O 

3 . 362d*00  . 

• 

1 .350.1-00 

3.5524*00  . 

• 

1  .  <00d-0O 

3 . 7034*00  - 

• 

1  .  450d-0O 

3.8314*00  . 

• 

1 .500.1-08 

3.937d*00  . 

• 

I . 550d- 00 

4.0384*00  . 

• 

I .GOOd-00 

4 . I 284*00  . 

• 

1 .G50d-00 

4.21 34*00  . 

• 

1 . 7004-00 

4 . 292d*00  . 

• 

l  .750*1-00 

4.3644*00  . 

• 

1  .0004-00 

4.4264*00  . 

• 

I . 850d-0O 

4 . 477d*00  . 

* 

1  .  9O0.J-08 

4.51 74*00  . 

• 

I  .  950J-0O 

4.5154*00  . 

• 

2.0O0.J-0O 

4.442d*00  . 

* 

2.05O.1-0O 

4.3124*00  . 

• 

2.  I  00.J-0O 

4 . 055d*O0  . 

• 

2  .  \ 50d~ 00 

3 . 77 ld*08  . 

• 

2 . 200-1-00 

3.44  7d*00  . 

• 

2.2504-00 

3 . 1034*00  . 

• 

2 . 306d-0O 

2 . 753d*0B  . 

• 

2.350d-0O 

2 . 3?9d*00  . 

•  _ 

2.4001-00 

2.0614*00  . 

• 

2 . 450d -08 

1.7364*00  . 

• 

2.5004-00 

1.4724*00  . 

• 

2 .55Od-0O 

1.2284*00  - 

• 

2 . COO  1-00 

9. 5614-01  - 

* 

2.G5O4-0O 

7 . 273d-0 1  . 

* 

2 . 700*1-00 

S.5l0d-0I  . 

• 

2.75Od-0O 

4. 1104-01  .  • 

2.80Md-0S 

2.9644-01  .  * 

2.P5«d-0« 

2.2124-01  .  • 

2 . 9linj-i)0 

1 .5644-01  .  * 

2 . 950d-08 

1.  1474-01  .* 

3.OOO.J-O0 

0.3504-02  . * 

3.0504-08 

5.8554-82  .• 

3. 1 00d-08 

4.2984-02  • 

3. 1594-00 

3.O73d-02  • 

3.2004-00 

2. 1 654-02  * 

3.25Od-0O 

1.5854-02  * 

3. 3004-00 

l  . 1 1 8d-02  * 

3. 0504-00 

9.01 5d-03  • 

3.  IPOd-OU 

5.798d-03  * 

3.-150.1-00 

4.040d-03  * 

3.5004-00 

2  .  J  !•  7  d  -  0  3  * 

3 . 5504-80 

2  .  lFGd-03  • 

3.6094-00 

1  .  4  75d-03  * 

3. 0594-00 

1.0644-03  * 

3 . 7 C0.J-OO 

7.6254-04  * 

3 . 750. J -00 

5.472d-04  « 

3.ECO.J-00 

3 . 967d-04  * 

3 .  C50d-OO 

2.7564-04  • 

3. 9001-00 

2.0184-04  * 

3 . 950. J  -  00 

I  . 4364-84  * 

4 . 000.J-0O 

1.0004-04  * 

Figure  C-56.  SPICE  Plot  Section  3  Input  101  Four 
Node  precharge  with  Basic  Widths. 
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{*******12/01/34  ********  SPICE  2G.1  <15OCT80)  **<******19:43:55***** 

0  CMOS/SOS:  PRECHARGED  BITSLICE  SECTION  3  TRANSIENT  ANALYSIS 

■3****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 


.WIDTH  OUT=80 

.OPTIONS  ITL1-S00  ITL5  =  0 

•MODEL  NMOS  MHOS  <VTO=iV  TOX=75NM  UO=400  NSUB=2.5EIS  LD=0.7UM> 
+  L  EVEL  =  1 

.MODEL  PMOS  PMOS  <VT0=-1V  TOX=75NM  UO=»200  NSUB=3E15  LD=0.7UM) 

♦LEVEL* 1 

VDD  1  0  DC  5V 

Ml  1  3  2  0  NMOS  L*5.0U  V=10.0U 

M2  1  3  5  0  NMOS  L»5.0U  W-10.0U 

M3  1  3  S  0  NMOS  L=5.0U  W=10.0U 

M4  I  3  7  0  NMOS  L-5.0U  W-10.0U 

M5  2  8  1  1  PMOS  L=5.0U  W=20.0U 

M6  5  8  1  1  PMOS  L=5.0U  W-20.0U 

M7  6  8  1  1  PMOS  L=5.0U  W=20.0U 

M8  7  8  1  1  PMOS  L=5.0U  W=20.0U 

M9  1  9  6  1  PMOS  L-S.0U  W=10.0U 

M 10  1  11  10  1  PMOS  L=5.0U  W-10.0U 
Mil  14  13  0  0  NMOS  L  =  5 . 0U  W=15.0U 
Ml  2  14  3  6  0  NMOS  L  =  5.0U  W=15.0U 

Ml  3  1  13  G  1  PMOS  L=S.0U  W=10.0U 

M14  15  5  0  0  NMOS  L=S.0U  W=15.0U 
Ml  5  15  11  10  0  NMOS  L  =5 . 0U  W=15.0U 
M 1 6  1  5  10  1  PMOS  L  =  5 . 0U  W=10.0U 

Ml  7  1  10  2  1  PMOS  L  =5 . 0U  W=10.0U 

Ml  3  17  IS  0  0  NMOS  L  =  5 . 0U  W=15.0U 
M 1 9  17  10  2  0  NMOS  L=5.0U  W=15.0U 
M20  2  13  13  0  NMOS  L=5.0U  W=5.0U 
M2 1  1  16  2  1  PMOS  L  =  5 . 0U  W=10.0U 

M22  1  7  16  1  PMOS  L=5.0U  W=10.0U 

M23  2  20  13  1  PMOS  L=5.0U  W=10.0U 
M24  0650  NMOS  1=5. 0U  W=15.0U 
M25  21  S  0  0  NMOS  L=5.0U  W=15.0U 
M26  21  7  IS  0  NMOS  L=5.0U  W=15.0U 
M27  1651  PMOS  L=5.0U  W=30.0U 
M28  1  6  16  1  PMOS  L=5.0U  W=10.0U 

M23  011  70  NMOS  L=5.0U  W=15.0U 

M30  11171  PMOS  L=5.0U  W=30.0U 

C31  1  0  0. 1416PF 
C32  6  0  0 . 433PP 
C33  7  :J  0 . 3 5 9 P 
C34  11  0  0.232PF 
C35  0  0  0.940PR 
C36  1600. 120PF 
C37  5  0  0.266PF 
C33  2  0  0.234PF 
C39  18  0  0. 1PF 
C40  10  0  0. 1 19PF 
C41  3  0  0.3UPF 

VIIU  11  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

VCAP.  9  0  PULSE  (0V  0V  0NS  01  IS  0NS  10NS) 

VSEL  13  0  PULSE  !  5V  5V  014 S  0HS  0NS  10HS) 

VP1  3  0  PULSE  'FV  5V  4NS  0NS  0NS  2NS ) 

VP  1  SAP.  3  0  PULSE  !5V  0V  4NS  014 S  0NS  2NS) 
vr  1-112  19  0  PULSE  10V  57  5 NS  UNS  0NS  2014 S) 

VPHI23AR  20  0  PULSE  ! 5V  0V  5NS  0NS  0NS  20NS ) 

.TRAN  0.5NS  40,43 
.PLOT  TRAN  V i 2 )  10V. 5V> 

.END 
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,#•...•.,2/01/84  *••**•**  SPICE  2C.1  (I5OCT80) 
f  CMOS/SOS  PRECHARCED  8ITSLICE  SECTION  3  TRANSIENT  ANALYSIS  **- 

!•••*  TRANSIENT  ANALYSIS  TEMPERATURE  -  27.000  DEG  C 

*••••••• •••*...•*••••.••*••**•*•*••••*■•*••••••••••••••*••*••■ •  ••••••••■ 


TIME  V(  2  > 


0.  d*0f  1.2504*00  2.S00d*00  3 . 7504*00  5.0004*00 


0.  4*00 

5.0004-10 
I .0004-09 
1  .5004-09 
2.0004-09 

2.5004- 09 
3.0004-09 

3.5004- 09 
4 . 000d-09 

4.5004- 09 
5.0004-09 
5-5004-09 
6.0004-09 

6 . 5004- 09 
7.0004-09 

7.5004- 09 
8.0004-09 
8 . 500d-09 
9 . 000d-09 
9 . 500d-09 
1 .0004-08 
1 . 050d-08 
I . 100d-08 

1 .1504- 00 
I  .  200d-0O 

1.2504- 00 

1.3004- 08 
1 . 3504-08 
1 .400d-0O 

1 .4504- 00 

1.5004- 08 
1  .5504-08 

1.6004- 00 
1 .65Od-0O 

1 . 7004- 08 

1 . 7504- 08 
I .0004-00 
1 .8504-00 

1.9004- 08 

1.9504- 08 
2.00O4-0O 
2.050d-0O 

2.1004- 00 

2.1504- 00 

2.2004- 08 

2.2504- 08 

2.3004- 00 
2.3584-00 
2.4004-08 

2.4504- 08 

2.5004- 08 

2.5504- 0O 
2 . G004-0O 

2.6504- 00 

2.7004- 00 

2.7504- 00 

2. C0O4-OO 
2.0504-00 

2.9004- 00 

2.9504- 08 
3.0004-08 

3 .  (‘504-00 

3.1004- 08 
3.  1504-00 

3.2004- 00 

3.2504- 08 

3 . 3004- 00 
3 . 35174-00 
3 . 4  004-00 

3.4504- 0O 
3. S0OJ-0O 

3.5504- 80 

3.6004- 00 

3.6504- 00 

3.7004- 60 
3.75OJ-0O 
3 . C004-0O 
3. 0601-00 
3.30H4-0O 

3.9504- 00 
4.0004-00 


$.0004*00 

5.0004*00 

5.0004*00 

5.0004*00 

5.0004*00 

5 . 000d*00 

5.0004*00 

5.0004*00 

5.0004*00 

5 . 000d*ii 

$.0004*00 

4.91 04*00 

4.759 4*00 

4.72 04*00 

4.7044*00 

4.6654*00 

4.6924*00 

4.7044*00 

4.71 84*00 

4.6934*00 

4.5924*00 

4.4074*00 

4.1294*00 

3 • 020d*00 

3.4904*00 

3.1544*00 

2.0014*00 

2.4484*00 

2.1054*00 

1.7634*00 

1 . 508d*00 

1 .2564*00 

» . 067d*O0 

9.1744-81 

7.9634-01 

7.0764-01 

6 . 278d-0 I 

5 . 662d-0 I 

5.3264-0I 

$.2134-01 

$.9324-01 

7.3204-01 

9.3234-01 

1.2164*00 

1 .5184*00 

1 .6444*00 

2.1704*80 

2.4644*00 

2.7734*80 

3.026d*00 

3.2544*00 

3.4564*00 

3.6964*00 

3.91 6d*00 

4 . 1  FI d*  04 

4.2604*00 

4 . 399d*00 

4 .5664*00 

.1 .6004*00 

4.6764*00 

4 . 7374*00 

4 . 7904*00 

4.0294*00 

4.0624*00 

4.8904*00 

4.91 14*00 

4.9294*00 

4.9434*00 

4.9544*00 

4.9634*00 

4.9704*00 

4.9764*00 

4.9614*00 

4 . 96Sd*80 

4.968 4*00 

4.9904*00 

4 . 992d  *00 

4.9944*00 

4 . 995d*00 

4 , 996d*00 

4 . 9974*00 


Figure  C-57. 


SPICE  Plot  Section  3  Input  010  Four 
Node  Precharge  with  Widths  x2. 


l*******12/.«n/84  ********  SPICF  2G.1  (15OCT80) 


********13.44. 1 0***«* 


0  CMOS/SOS  PRECHARGED  BITSLICE  SECTION  3  TRANSIENT  ANALYSIS 

0****  INPUT  LISTING  TEMPERATURE  =  27.000  DEG  C 

0* ***************  ******************************************************* 


.WIDTH  OUT  =  80 

.OPTIONS  ITL 1=500  ITL5=0 

.MODEL  NMOS  NIIOS  (VT0=1V  TOX=75NM  UO=400  NSUB=2.5E1S  LD=0.7UM> 
+  L  EVEL=  1 

.MODEL  PMOS  PMOS:  1VT0=-1V  TOX=75NM  UO=200  NSUB=3E15  LD=0.7UM) 

+  L  EVEL  =  1 
VDD  1  0  DC  5V 

Ml  1320  NMOS  L=5.0U  W=10.0U 
M2  1  3  S  0  NMOS  L=5.0U  V=10.0U 

M3  1  3  6  0  NMOS  L*5.0U  W=10.0U 

M4  1  3  7  0  NMOS  L=5.0U  W=10.0U 

M5  2  8  1  1  PMOS  L  =  5 . 0U  W*20.0U 

M6  5  8  1  1  PMOS  L  =  5 . 0U  W=20.0U 

M7  6  8  1  1  PMOS  L  =5 . 0U  W=20.0U 

M8  7  8  1  1  PMOS  L=5.0U  W=20.0U 

M9  1  9  6  1  PMOS  L=5.0U  W=10.0U 

M 1 0  1  11  10  1  PMOS  L  =  5 . 0U  W=10.0U 
Mil  14  13  0  0  NMOS  L=5.0U  W=15.0U 
Ml  2  14  9  6  0  NMOS  L=5.0U  U=15.0U 

M 1 3  1  13  6  1  PMOS  L=5.0U  W=10.0U 

Ml  4  15  5  0  0  NMOS  L=5.0U  W=15.0U 

Ml  5  15  11  10  0  NMOS  L  =5 . 0U  W=15.0U 

MIS  1  5  10  1  PMOS  L=5.0U  W=10.0U 

M 1 7  1  10  2  1  PMOS  L=5.0U  W=10.0U 

MIS  17  1G  0  0  NMOS  L  =  5 . 0U  W=15.0U 

M19  17  10  2  0  NMOS  L=5.0U  W=15.0U 

M20  2  19  13  0  NMOS  L=5.0U  W=5.0U 

M2 1  1  16  2  1  PMOS  L  =  5 . 0U  W=10.0U 

M22  1  7  16  1  PMOS  L=5.0U  W=10.0U 

M23  2  20  13  1  PMOS  L=5.0U  W=10.0U 
M24  0650  NMOS  L=5.0U  W=15.0U 
M25  21  6  0  0  NMOS  L=5.0U  W-15.0U 
M26  21  7  16  0  NMOS  L=5.0U  W=15.0U 
M2 7  1  6  5  1  PMOS  L  =  5.0U  W=30.0U 
M28  1  S  16  1  PMOS  L  =  5 . 0U  W=10.0U 
M29  01170  NMOS  L=5.0U  W=15.0U 
M30  1117  1  PMOS  L  =  5 . 0U  W=30.0U 
C31  1  0  0.1416PF 
C32  6  0  0.433 PP 
C33  7  0  0.359PF 
C34  1 1  0  0. 232PF 
C35  0  0  0.940PF 
C36  16  3  0. 120PF 
C37  5  0  0.266PE 
C33  2  0  0.234PP 
C 39  13  0  0. 1PF 
C40  10  3  0. 1 19PF 
C41  3  0  0.50PF 

VI N 1  1 1  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS) 

VCAP.  9  0  PULSE  <0V  07  0NS  0NS  0NS  10NS> 

VSEL  13  0  PULSE  ( 5V  5V  0NS  0MS  0NS  10NS) 

VP1  3  0  PULSE  ;0V  5 V  4 NS  0NS  0NS  2NS ) 

VP  1  SAP.  3  0  PULSE  (  5V  0V  4  NS  0NS  0NS  2  NS) 

VP II 1 2  19  0  PULSE  !0V  57  5 NS  0115  0HS  20NS  > 

VP H 1 2BAR  20  0  PULSE  ! 5V  0V  5NS  0NS  0NS  20NS ) 

.TRAN  0.5NS  40NS 
.PLOT  TRAN  V ( 2 )  (0V.5V) 

.END 
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•12/01/84  •••••••■  SPICE  2G.1  U5OCT80)  ••••••••  1 9 , 44  i  l  »••••• 

CMOS/SOS  PRECHARGED  BITSLICE  SECTION  3  TRANSIENT  ANALYSIS 
TRANSIENT  ANALYSIS  TEMPERATURE  ■  27.000  DEG  C 


1 . 2 504  *00 


3.7504*00  5.0004*00 


0.  4*00 

1 .807d-07 

5.000d-10 

1.0074-07 

I .0004-09 

1.0074-07 

l .500d-09 

1.8074-07 

2 .0O0d-09 

1 .807d-07 

2.5004-09 

1.8074-07 

3 . 000d-09 

1.8074-07 

3. 5004-00 

1.8074-07 

4.0O0d~09 

1 ,8074-07 

4.5004-09 

3.9204-01 

5.0004-09 

1  .  317d*00 

5 ,500d-09 

l  .  8674*00 

6 . 000d-09 

2.2764*00 

6.5 004-09 

2.6104*00 

7.000d-09 

2.4524*00 

7.50fd-09 

2 . 1684*80 

0 ,0004-09 

2.0644*00 

8.5004-00 

2.1464*00 

9.000d-09 

2.3094*00 

f . S00d -09 

2.5644*00 

1 ,009d-08 

2.8674*00 

1 .0504-00 

3.  1  26d*00 

1  .  1 00d-0O 

3 . 369d*80 

1 .1504-00 

3.5654*80 

1 .2004-00 

3.7274*00 

1.2504-08 

3.8674*00 

1 . 5004-08 

3.9914*00 

1.3504-08 

4.0934*00 

1.4004-00 

4.1 69d*00 

1 .4504-00 

4.274 4*00 

1.5004-08 

4.3514*00 

1.5504-00 

4.424 4*00 

l.COOJ-00 

4.4604*00 

1 .6504-08 

4.5464*00 

1.7004-08 

4.5994*00 
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Figure  C-58. 
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l******«12/j0fl/84  ********  SPICE  2G.1  (15OCT80)  ******** i 9 . 44 . 55- 

0  CMOS/SOS  PRECHARGED  BITSLICE  SECTION  3  TRANSIENT  ANALYSIS 


0****  INPUT  LISTING  TEMPERATURE  *  27.000  DEG  C 

0************** *****••**•*•••••*•****••**********„***•«*«»**„„**« ****** 


.WIDTH  OUT-80 

.OPTIONS  ITL1-500  ITL5-0 

.MODEL  NMOS  NMOS  (VTO-1V  TOX-75NM  UO=400  NSUB-2.5E16  LD-0.7UM) 
♦LEVEL-1 

.MODEL  PMOS  PMOS  (VTO--1V  TOX-75NM  UO-200  NSUB-3E15  LD-0.7UM) 

♦LEVEL- 1 

VDD  1  0  DC  5V 

Ml  1320  NMOS  L-5.0U  W-15.0U 
M2  1  3  5  0  NMOS  L-5.0U  W-15.0U 

M3  1  3  6  0  NMOS  L-5.0U  W-15.0U 

M4  1  3  7  0  NMOS  L-5.0U  V-15.0U 

M5  2  8  1  1  PMOS  L-5.0U  W-30.0U 

M6  5  8  1  1  PMOS  L-5.0U  W-30.0U 

M7  6  8  1  1  PMOS  L-5.0U  W-30.0U 

M8  7  8  1  1  PMOS  L-5.0U  W-30.0U 

M9  1  9  6  1  PMOS  L-5.0U  W-10.0U 

M 10  1  11  10  1  PMOS  L-5.0U  W-10.0U 
Mil  14  13  0  0  NMOS  L-5.0U  W-15.0U 
Ml 2  14  9  6  0  NMOS  L-5.0U  W-15.0U 

Ml  3  1  13  6  1  PMOS  L-5.0U  W-10.0U 

Ml  4  15  5  0  0  NMOS  L-5.0U  W-15.0U 

Ml 5  15  11  10  0  NMOS  L-5.0U  W-15.0U 
MIG  1  5  10  1  PMOS  L-5.0U  W-10.0U 

Ml  7  1  10  2  1  PMOS  L-5.0U  W-10.0U 

Ml  3  17  16  0  0  NMOS  L-5.0U  W-15.0U 

Ml  9  17  10  2  0  NMOS  L-5.0U  W-15.0U 

M20  2  19  18  0  NMOS  L-5.0U  W-5.0U 

M2 1  1  16  2  1  PMOS  L-5.0U  W-10.0U 

M22  1  7  16  1  PMOS  L-5.0U  W-10.0U 

M23  2  20  18  1  PMOS  L-5.0U  W-10.0U 
M24  0650  NMOS  L-5.0U  W-15.0U 
M25  21  6  0  0  NMOS  L-5.0U  W-15.0U 
M26  21  7  16  0  NMOS  L-5.0U  W-15.0U 
M27  1651  PMOS  L-5.0U  W-30.0U 
M28  1  6  16  1  PMOS  L-5.0U  W-10.0U 

M29  01170  NMOS  L-5.0U  W-15.0U 

M30  11171  PMOS  L-5.0U  W-30.0U 

C31  1  0  0. 1416PF 
C32  6  0  0.433PF 
C33  7  0  0.359PF 
C34  11  0  0.232PF 
C35  0  0  0.940PF 
C36  16  0  0. 120PF 
C37  5  0  0.266PF 
C38  2  0  0.234PF 
C39  18  0  0. 1PF 
C 40  10  0  0. 1 19PF 
C 4 1  3  0  0.50PF 

VI N 1  11  0  PULSE  <0V  5V  5NS  0NS  0NS  10NS) 

VCAR  9  0  PULSE  (0V  0V  0NS  0NS  0NS  10NS> 

VSEL  13  0  PULSE  (5V  5V  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  !0V  5 V  4NS  0NS  0*S  2NS ) 

VP  1  BAR  8  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS) 

VPHI2  19  0  PULSE  <0V  5V  5NS  0NS  0NS  20NS) 

VPHI2BAR  20  0  PULSE  (5V  0V  SNS  0NS  0NS  20NS) 

.TRAN  0.5NS  40NS 
.PLOT  TRAN  V( 2 )  (0V.5V) 

.END 
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Figure  C-59.  SPICE  Plot  Section  3  Input  010  Four 
Node  Precharge  with  Widths  x3 . 


0  CMOS/SOS  PRECHARGED  BITSLICE  SECTION  3  TRANSIENT  ANALYSIS 

0****  INPUT  LISTING  TEMPERATURE  *  27.000  DEG  C 


.WIDTH  OUT=30 

.OPTIONS  I TL 1 =500  ITL5=0 

.MODEL  NMOS  NMOS  <VT0=1V  TOX*75NM  UO=400  NSUB*2.5E16  LD*0.7UM> 
♦LEVEL* 1 

.MODEL  PMOS  PMOS  (VT0=-1V  TOX=75NM  UO  =  200  NSUB*3E1 5  LD=0.7UM> 
♦LEVEL*! 

VDO  1  0  DC  5V 

Ml  1320  NMOS  L=5.0U  W*15.0U 
M2  1  3  5  0  NMOS  L»5.0U  W=15.0U 
M3  1  3  6  0  NMOS  L=5.0U  W=15.0U 
M4  1  3  7  0  NMOS  L=5.0U  W=15.0U 
M5  2  8  1  1  PMOS  L=5.0U  V=30.0U 
M6  5  8  1  1  PMOS  L=5.0U  W=30.0U 
M7  6  8  1  1  PMOS  L  =  5 . 0U  W=30.0U 
M8  7  8  1  1  PMOS  L»5.0U  W-30.0U 
M9  1  9  6  1  PMOS  L=5.0U  W=10.0U 
M10  1  II  10  1  PMOS  L=5.0U  W=10.0U 
Mil  14  13  0  0  NMOS  L-5.0U  W=15.0U 
Ml  2  14  9  6  0  NMOS  L  =  S.0U  W=15.0U 
Ml 3  1  13  6  1  PMOS  L-5.0U  W=10.0U 
M14  IS  5  0  0  NMOS  L-5.0U  W- 1 5 . 0U 
Ml 5  15  11  10  0  NMOS  L  =  5.0U  W-15.0U 
Ml  6  1  5  10  1  PMOS  L*5.0U  W*10.0U 

Ml  7  1  10  2  1  PMOS  L=5.0U  W-10.0U 

Ml  3  17  16  0  0  NMOS  L  =  S.0U  W=15.0U 
Ml  9  17  10  2  0  NMOS  L»S.0U  W=15.0U 
M20  2  19  18  0  NMOS  L=5.0U  W-5.0U 
M2 1  1  16  2  1  PMOS  L  =  5.0U  W=10.0U 

M22  1  7  16  1  PMOS  L*5.0U  W=10.0U 

M23  2  20  13  1  PMOS  L=5.0U  W»10.0U 
M24  0  6  5  0  NMOS  L-5.0U  W=»15.0U 
M25  21  6  0  0  NMOS  L=5.0U  W-15.0U 
M26  21  7  16  0  NMOS  L=S.0U  W=15.0U 
M27  1  6  5  1  PMOS  L-5.0U  W=30.0U 
M28  1  G  16  1  PMOS  L  =  5.0U  W=*10.0U 
M29  0  11  70  NMOS  L=5.0U  W=15.0U 
M30  1117  1  PMOS  L  =  5 . 0U  W=30.0U 
C31  1  0  0. 1416PF 
C32  6  0  0.433PF 
C33  7  0  0.359PF 
C34  11  0  0.232PF 
C35  0  0  0.940PF 
C36  1600. 120PF 
C37  5  0  0.266PF 
C38  2  0  0.234PF 
C39  18  0  0.1PF 
C40  10  0  0. 1 19PF 
C41  3  0  0.50PF 

VIN1  11  0  PULSE  ( 5V  0V  5NS  0NS  0NS  10NS) 

VCAR  9  0  PULSE  (0V  0V  0NS  0HS  0NS  10NS) 

VSEL  13  0  PULSE  ( 5V  5V  0NS  0NS  0NS  10NS) 

VP1  3  0  PULSE  !0V  5V  4NS  0NS  0NS  2NS ) 

VP  1  BAR  8  0  PULSE  <5V  0V  4NS  0NS  0NS  2NS ) 

VPH ! 2  19  0  PULSE  (0V  DV  5NS  0NS  0NS  20NS ) 

VP H 1 2 BAR  20  0  PULSE  ( 5V  0V  5NS  0NS  0NS  20NS ! 

.TRAN  0.5N3  40NS 
.PLOT  TRAN  V  <  2 )  (0V.5V) 

.END 
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Appendix  D 


This  appendix  is  intended  to  serve  as  a  practical  guide 
for  the  individual  who  wishes  to  use  the  SPICE2  simulators 
available  at  AFIT.  Much  time  was  wasted  in  trying  to 
determine  how  to  correctly  use  the  simulator  due  to  lack  of 
documentation  and  knowledgeable  people.  Much  of  the  data  was 
so  spread  throughout  the  users  guide  that  it  took  a  great 
amount  of  time  to  get  comfortable  with  what  it  all  meant. 
A  procedure  for  establishing  input  files  is  presented  in 
this  appendix  to  reduce  the  confusion. 

This  appendix  refers  only  to  transient  analysis  use  of 
the  SPICE  simulator. 

The  following  information  outlines  the  barriers 
encountered  and  overcome  by  this  author  to  perform  the 
simulations  required  for  this  thesis  project.  Hopefully 
this  will  benefit  future  users  of  SPICE. 

The  reader  is  expected  to  be  familiar  with  the  switch 
level  simulator  ESIM,  since  some  similiar  procedures  are 
followed  and  the  reader  should  refer  to  the  SPICE  users 
guide  by  Vladimirescu  et  al  provided  as  reference  material 
in  the  EE695  VLSI  Notebook  provided  as  a  class  text. 

SPICE  was  originally  intended  for  use  with  batch 
processing,  so  all  the  documentation  makes  "card" 
references.  This  is  easily  translated  to  lines  of  instruc¬ 
tions  in  input  files  for  an  interactive  system  such  as  the 
VAX  11/780. 


To  run  a  SPICE  simulation  on  a  circuit,  the  following 
must  be  done: 

1.  Design  a  circuit  using  CLL  or  some  other  layout 
language. 

2.  Run  ell  -C  filename. ell  to  obtain  the  .cif  file. 

3.  Change  all  125/1  to  125  1  in  the  .cif  file. 

(this  allows  you  to  run  mextra) 

4.  Run  mextra  on  the  .cif  file. 

(This  results  in  a  .nodes  and  a  .sim  file) 

5.  Change  the  first  line  of  the  .sim  file  from 
tech=nmos  to  tech=cmos. 

6.  Generate  a  definitions  file  for  NMOS  and  PMOS 
substrate  connection  nodes.  This  is  required  for  sim2spice, 
the  SPICE  preprocessor  which  converts  .sim  format  to  .spice 
format.  In  CMOS,  the  depletion  mode  device  is  the  PMOS 
device  and  the  pull-down  device  is  the  NMOS  device. 
Sim2spice  defaults  to  plain  NMOS  technology  with  ENMOS  and 
DNMOS  descriptions.  These  must  be  changed  in  the 
definitions  file.  This  file  can  also  establish  the  ground 
and  vdd  nodes  for  substrate  connections.  The  PMOS  substrate 
is  connected  to  and  the  NMOS  substrate  is  connected  to 
ground.  The  file  would  look  like  this: 


set  GND  0  cmos 
set  Vdd  1  cmos 
set  PMOS  1  cmos 
set  NMOS  0  cmos 
def  PMOS  DNMOS  cmos 
def  NMOS  ENMOS  cmos 

I  tried  changing  the  .cadre  file,  as  indicated  in  the 
sim2spice  literature,  but  it  didn't  work. 

7.  Run  sim2spice  -d  defintions  filename  filename. sim 
This  results  in  a  filename. spice  file  and  a  filename. names 
file.  The  .names  file  is  a  cross  reference  list  between 
mextra  and  SPICE  node  names.  The  SPICE  nodes  are 
sequentially  numbered  and  the  mextra  nodes  appear  at  random. 
The  SPICE  filename. spice  input  file  must  refer  to  only  SPICE 
nodes,  not  mextra  nodes  since  the  SPICE  simulator  will  only 
recognize  its  sequential  numbering  of  the  respective  nodes 
prepared  by  sim2spice. 

8.  The  filename. spice  is  the  input  file  required  to 
run  the  simulation,  but  it  does  not  include  the  command 
"cards"  reqyuired  for  program  control.  It  just  contains  the 
MOS,  four  node  descriptions  of  each  device  in  the  circuit  to 
be  simulated.  There  should  be  an  NMOS  and  PMOS  device  for 
each  CMOS  device.  For  small  circuits  these  can  be  counted 
to  verify  that  sim2spice  has  run  correctly.  Larger  circuits 
are  hard  to  verify  since  they  contain  so  many  devices. 

This  file  includes  all  (four)  the  node  connections  for 
an  individual  NMOS  or  PMOS  device. 

However,  all  the  nodes  are  SPICE  nodes  not  mextra 


nodes . 


9.  The  next  step  is  to  modify  the  filename. spice 
file  to  account  for  the  differences  in  the  assignment  of 
nodes  between  mextra  and  SPICE.  A  numbered  node  cifplot  of 
the  filename. cif  and  the  filename. nodes  files  is  required, 
and  a  copy  of  the  filename. names  file  that  was  generated  by 
sim2spice. 

The  ground  node  must  be  determined  from  the  mextra 
based  node  plot.  SPICE  requires  that  the  ground  node  be  0. 
Mextra  does  not  use  0  as  a  node  number.  Therefore  the 
mextra  node  for  ground  will  be  a  number  other  thn  0  and  in 
the  mextra/SPICE  node  reference  list  a  number  other  than  0 
will  have  been  assigned  to  the  ground  node  by  SPICE.  This 
node  must  be  determined  and  chnaged  to  0  everywhere  it 
occurs  in  the  filename. spice  file.  For  V^'  the  same 
procedure  must  be  followed,  but  the  node  number  is  optional. 
However,  it  must  be  consistent  with  the  node  number  assigned 
to  the  Vdd  node  when  the  independent  DC  supply  voltage 
source  is  entered  as  a  command  line  (card) . 

For  all  other  inputs  to  the  circuits,  the  input  node 
must  be  selected  on  the  mextra  node  cifplot,  cross 
referenced  to  its  respective  SPICE  node  number  and  that 
SPICE  number  used  in  the  fi lename. spice  file  when  a  model 
input  voltage  is  applied  to  it  for  simulation. 

10.  The  next  step  is  to  input  all  the 
required/desired  command  (cards)  lines  to  run  the 
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simulation  using  the  node  numbers  from  SPICE  node  reference 
list  but  based  on  the  nodes  assigned  by  mextra  on  the  node 
cifplot.  The  required  command  line  (card)  inputs  and  the 
format  rules  required  by  SPICE  are  presented  below. 

The  following  command  line  (card)  inputs  must  be 
included  in  the  filename. spice  file  and  the  associated  rules 
presented  must  be  adhered  to: 

a.  All  command  lines  (cards)  must  begin  with  a 

period. 


b.  The  first  line  of  the  input  file  must  be  a  title: 

i.e.  CMOS/SOS  TRANSIENT  ANALYSIS 

%!• 

This  will  be  printed  on  each  page  of  the  results 
output.  A  "dot"  command  on  the  first  line  will  cause  the 
run  to  abort,  since  the  simulator  will  think  it  is  the  title 
and  skip  it  as  a  desird  command. 

c.  The  .WIDTH  command  line  is  used  next  to  establish 
the  last  column  read  on  each  line.  It  is  normally 
established  at  80. 

d.  The  .OPTIONS  command  line  is  then  used  to 
establish  program  control  as  desired.  The  documentation  on 
pages  20-21  of  the  original  users  guide  is  adequate  for 
explaining  the  options  available. 
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e.  The  user  is  allowed  to  select  models  of  the 
devices  that  are  to  be  simulated  using  the  .MODEL  command 
line.  Since  MOS  models  were  used  for  this  thesis,  three 
possible  level  models  were  available,  (see  page  16  in  users 
guide) .  The  level  1  model  was  selected. 

A  diode,  two  bipolar  and  MOSFET  and  JFET  models  are 
available  (see  pages  13-18  in  the  users  guide).  The  user 
can  select  specific  parameters  per  device  model.  Since 
CMOS/SOS  was  used  for  this  thesis,  two  MOSFET  models  were 
used,  PMOS  and  NMOS. 

f.  After  selecting  models,  the  Vdd  supply  voltage 
must  be  established.  Voltage  sources  are  established  by 
using  ELEMENT  commamd  lines  (cards).  Resistors,  capacitors, 
inductors,  transmission  lines  can  also  be  set-up  using  this 
ELEMENT  command  line  model.  An  independent  5  volt  DC 
voltage  source  was  established  (see  pages  8-9  in  users 
guide)  as  the  supply  voltage.  The  node  to  which  the  voltage 
is  applied  is  left  up  to  the  users  discretion. 


g.  The  sim2spice  file  data  is  input  after  the  supply 
voltage  command  line  is  established. 


h.  Input  voltages  to  the  circuit  are  modeled  the 
same  way.  However,  the  PULSE  option  was  used  in  this  thesis 
to  provide  a  varying  pulsed  input  for  transient  delay 
analysis.  This  is  described  on  page  9  of  the  users  guide. 


i.  The  .TRAN  command  line  is  used  to  establish  the 


time  interval  of  the  simulation,  (40  nsec  was  used  for  all 
simulations  in  this  thesis)  and  the  points  at  which  the 
transient  waveform  is  traced  on  the  output  plot  (0.5  nsec 
intervals  were  used  for  all  simulations  in  this  thesis.  See 
page  25  of  the  users  gyuide  for  further  details. 

j.  The  .PLOT  comand  line  estbalishes  that  a 
waveform  output  plot  is  desired.  The  TRAN  option  of  this 
command  indicates  that  a  transient  plot  is  desired.  The 
nodes  to  be  monitored  and  their  respective  values  plotted 
over  the  selected  simulation  time  interval  are  selectable  by 
the  user. 

k.  The  input  file  must  be  concluded  with  a  .END 
command  line. 

11.  The  only  other  modification  that  may  be  required 
is  a  modification  of  the  capacitance  values  generated  by 
sim2spice  when  the  filename. spice  file  is  generated  form  the 
filename. sim  file.  The  values  are  given  in  femtofarads  and 
these  sometimes  are  so  small  that  plotted  results  are 
worhtless.  Some  factor  of  ten  may  be  required  to  achieve 
good  output  results. 

Some  of  these  procedures  are  tedious,  however  no 
shorter,  more  convenient  way  could  be  determined  to  prepare 
for  and  perfrom  the  simulations  using  the  tools  that  were 


available  at  AFIT. 


Example  input  files  and  simulation  data  are  provided  in 
previous  appendices  for  reference. 

Hopefully  this  user  guide  addendum  will  aid  future 
users  of  SPICE2. 


This  appendix  is  intended  to  provide  information  on  the 
Memory/ALU  Bitslice  circuit  chip  that  was  designed  as  part 
of  this  thesis. 

The  chip  contains  the  2x4  precharged  decoder,  the 
precharged  A  and  B  registers,  the  ALU  input  controller,  the 
read/write  controller,  the  4x4  static  RAM  and  the  ALU  first 
bitslice  along  with  input,  output,  ground  and  pads. 

The  chip  files  are  included  under  bkel ley/ thesis  in 
this  authors  directory.  The  directory  listing  is  presented 
below: 


README 
chip.cll 
ramcell. ell 
4bitword.cll 
4wordmem.cll 
Aregpre.cll 
Bregpre.cll 
alucntrl .ell 
RWcontrol .cl 1 

bslast.cll  -  bitslice  precharged  at  4  nodes 

decpre4a .ell 

padamp.cif 

padVdd .cif 

padblank.cif 

padgrnd.cif 

padout .cif 

padin.cif 

paddrve .cif 
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